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PREFACE. 



The object of this volume is to pre- 
sent clearly and briefly the essential 
qualities of potable water, how it may 
be obtained and the significance of 
chemicd, bacterial and microscopic^ 
testa of its quality, both in themselvea 
and relatively. There is also some dis- 
cussion of the value of pure water, the 
relations between water and disease, 
and typhoid fever records as an index 
of the parity or impurity of public 
water eupplies. 

The need for some such concise, non- 
technical review as is here attempted 
has often been impressed upon the 
author, and will be evident, on reflec- 
tion, to all who have had occasion to 
give attention to the subject. There 
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are to-day some 5,000 cities and villi^es 
in the United States and Canada which 
have a public water supply, while a hun- 
dred or more are added to the list each 
year. A large proportion of these supphes 
are lacking in one or more o£ the essen- 
tials of potable water, comparatively few 
being treated in any manner to make 
good their deficiencies. Many of the very 
worst supplies are deUvered to our larg- 
est cities, but this condition has been rap- 
idly changing of late. An earnest a^ta- 
tion for better water is now in progress 
throughout the country. It is daily in- 
creasing in strength and already includes 
hundreds if not thousands of seekers for 
information that will throw light on their 
specific local problems. Most of the 
boots on water supply now available are 
technical in character and relate to the 
design and construction of water supply 
and purification plants, to the technique 
of water analysis, or are devoted prin- 
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cipally to statistics ehowing the effect of 
the quality of water on the typhoid 
death-rates of cities. These books are 
most excellent, but many searchers for 
knowledge wish something less detailed 
and technical, at least to begin with. 
Engineers and many water-works 
superintendent* must, of coarse, plunge 
deeply into the subject, but hosts of 
superintendents of smaller works, to- 
gether with water commissioners, mem- 
bers of boards of public works, health 
boards and city councils, mayors, phy- 
sicians and public-spirited citizens, both 
men and women, now find themselves 
for the first time confronted with these 
important problems of pure water sup- 
ply and desire to learn something about 
them without the expense of time or 
money required by extensive treatises. 
It is for such people, and for students 
in technical and medical schools that 
this volume is more especially designed. 
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It may shock eome people to have it 
suggested that physicians and members 
of boards of health are in need of ele- 
mentOTy training in matters pertainirg 
to pnfe water. But sneh is the case. 
Until within a few years neither our 
medical nor engineering schools gave 
any adequate instruction in sanitary 
matters, and it is to be feared that some 
of each class are still deficient in that 
respect. 

The author doee not expect that 
those who baye paid close attention to 
aU phases of water supply for years 
past, whether engineers or otherwise, 
will learn mtiah from this volume. To 
these, Emd to all who wish to pursue 
tiie matter further, recourse may be 
had to the following boobs : Reports of 
the Massachusett's State Board of 
Health since 1899; Hill's "Public 
Water Supplies"; Hazen's " Filtra- 
tion of Public Water Supplies " ; Foer- 
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tes "Water Filtration Works"; Kirk- 
wood's " Filtration of River Waters " ; 
Mason's "Water Supply, Chemical and 
Sanitary," and his " ElzaminaHon of 
Water " ; Frankland's " Micro-Organisms 
in Water" ; Rafter's " Microscopical Ex- 
amination of Potable Water " ; Whipples' 
"Microscopy of Drinking Water"; Fuer- 
tes' "Water and Public Health"; Fan- 
ning's "Water supply Engineering"; Tur- 
neaure and Russell's " Public Water Sup- 
plies " ; Weston's " Report on Filtration 
Tests at Providence"; Gould's "Elements 
of Water Supply Engineering" ; Fuller's 
" Water Purification at Louisville " and 
also his Report on the Cincinnati experi- 
ments; the Report of the Filtration Com- 
mission of Pittsburgh, by Hazen, Sedg- 
wick and others ; the "Journal of the New 
England Water-Works Association" and 
other technical Bociefdes; the files of the 
" Engineering News," " Engineering Rec- 
ord," and other engineering journals. 
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Id conclasion, it should be eaid that 
this volume replaces one in this series 
with practically the same title, but other- 
wise entirely dissimilftr, by Charles 
Watson Folkard and others, published 
about twenty-five years ago. The origin- 
al volume consisted of a paper and dis- 
cussions before the Institution of Civil 
Engineers. Nothing could better illus- 
trate the progress of sanitation than a 
comparison of many of the ideas express- 
ed in the earlier volume with the theory 
and practice of the present day. The 
present volume has been written without 
regard to the contents or methods of the 
earlier one, and is in every respect ex- 
cept name an entirely new book. The 
present edition of this volume has been 
revised throughout, partly rewritten, and 
some new matter has been added. 

M. N. B. 

230 BBOASway, Nmt Xobk, 
Jan. Oa, 1906. 
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POTABLE WATEB. 

Potable water is water suitable for 
drinking, whether made so by nature or 
art. While less than one per cent, of th» 
water supply of a city is used tor drink- 
ing and cnlinary purposes it is the almost 
universal practice to attempt to have the 
other 99 per cent, potable water also. 
This is due partly to the great cost and 
inconvenience that would result from a 
dual supply and partly to the danger 
that if two supplies were available that 
one would be taken for drinking pur- 
poses which happened to be most con- 
venient at the moment, regardless of its. 
quality. Without pursuing this phase 
of the sabject further, it may be as- 
sumed that under present conditions 
the whole water supply of a city or town 
must be potable. 

The quantity of water which, generally 
speaking, may be considered as sufBcient 
for a city supply is a daily average of 100 
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gallons per capita. To secure this 
amount of potable water is becoming 
more difficult year by year. This is due 
to a variety of reasons, chief of which 
are increasing urban populations and a 
standard of purity which is constantly 
rising. The increase in population makes 
the problem doubly hard, because it 
means a demand for water in advance of 
the rate of accession to the population, 
owing to a disproportional waste of water 
and a diminution in the quantities of 
pure water available. All these things 
join in making determinations of the 
potability of wat«r much more essential 
and far more in demand than heretofore. 
In the case of existing supplies it be- 
comes necessary to study them closely 
to determine whether they are approach- 
ing the danger limit, and what, if 
anything, can be done to avert the 
danger, either by diversion of pollu- 
tion or some method of purification. 
When it is decided to go afield for new 
sources of supply these must be studied 
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vitb great care. Where purification is 
attempted frequent and careful examina- 
tions of the water must be made to de- 
termine whether the beat results are being 
attained at a minimum expense. 

The foregoing considerations suggest 
the ftfllowing outline of the contents of 
this volume: 

I. What constitutes potable water. 

II. How potable wat«r may be secnred. 

III. How to detect impurities. 
, IV. Some notable laboratories. 

To avoid possible misnnderstanding, 
it may be said here that the aim of ths 
little book is not to present a manual on 
any pbase of water-works design or con- 
struction, or on the esamination of water, 
if that were possible in so small a com- 
pass. What is desired is to indicate 
clearly the proper standards for potable 
water, how these may be realized, and 
how the results actually attained may be 
judged. 
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"WHAT CONSTITUTES POTABLE WATER. 

The most vital quality o£ potable water 
is freedom from those polluting sub- 
stances which are the direct causes of dis- 
ease. But disease germs give no physical 
evidence of their presence, until after 
more or less elaborate culture, while color, 
turbidity, taste and odor are readily appre- 
ciable and may be very annoying to the 
eye, tongue and nose. Hence, to the 
popular mind water is judged by its ob- 
vious physical characteristics first of all. 
On this account it is often hard to arouse 
the water consumer and taxpayer to the 
importance of avoiding the use of sewage- 
polluted water, when harmless odors or 
color would give rise to a storm of pro- 
test and an urgent demand for the ex- 
penditure of money for their removal. 
Classed in order of importance the essen- 
tials of potable water are as follows: 
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(1) Freedom from disease germs. 

(2) Absence of sabstaaces that deranga 
and undermine the human system. 

(3) Freedom from suE^ended matter^ 
or tnrbidity. 

(4) Absence of color. 

(5) Absence of odor and taste. 

(6) Coolness. 

The disease germs most to be feared 
in drinking vater are typhoid fever and 
cholera, both of which are due to sewage 
pollatioQ. There is so little cholera in 
America that it is generally dismissed 
from consideration after having been 
inentioned. This is quite permissible, 
since all tJiat is said regarding the pre> 
vention of the spread of typhoid fever 
through water applies equally to cholera. 
Typhoid fever ie bo very prevalent here 
that it merits tar more consideration than 
it receives. Undoubtedly it would be 
rapidly exterminated, or reduced to small 
proportions, if the domestic water supply 
of city and country alike were permanent- 
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ly freed from contamitiatioii by human 
excreta. There voald still remain milk 
and other food ae meauB of infection, 
but with pure water for cleanaing dairy 
titensik and diluting milk this source of 
danger, second only to water, would be 
almost wholly cut off. Infection through 
food other than milk is probably very 
small, except where convejed by fliea from 
improperly exposed and disinfected privy 
vaults to kitchens, pantries or dining 
tables. The close relationship between 
water supplies and typhoid fever will be 
discussed in a subsequent portion of this 
book. 

Infectious diseases other than typhoid 
fever and cholera, if ever conveyed by 
water to any marked extent, would also 
be subjected to reduction in like manner 
by freeing water supplies from the efEect 
of sewage pollution. Aside from infec- 
tions diseases, the digestive tract is more 
or less subject to derangement through 
the use of water containing matter in 
suspension, whatever its origin. Organic 
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matter ia considerable amounts may 
cause diarrhoea or dysentery, especial- 
ly if it is derived from sewage ; and it 
is possible that diarrhoea may be con- 
veyed from person to person by water. 
Generally speaking, any of the min- 
eral salts found in water would be 
objectionable to the taste or smell 
before becoming strong enough to 
lead to harmful results, except pos- 
sibly the carbonates and sulphates 
causing hardness. Changing suddenly 
from hard to soft or soft to hard 
water causes much annoyance, to 
say the least, to some people. 

Lead poisoning may be mentioned 
here, although this comes, if at all, 
through the action of water of cer- 
tam classes in its passage through 
lead pipes. 

Turbidity, or suspended matter, ts ob- 
jectionable both because of its possible 
derangement of the human system, as 
mentioned above, and on account of the 
bad appearaince it imparts to the water 
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and nteneilB holding it. Depending upon 
the fineness of the grains of suspended 
particles, and npon their color, it may 
cause variations in the appearance of 
water ranging from light, milky cloudi- 
ness through the whole range of grays, 
reds, yellows, browns and even to almost 
inky blackneas, in coal-mining regions. 
Color may be due to turbidity, but as 
often need in analytical reports, it refers 
more to an actual stain than to mechan- 
ically suspended matter . Iron may give 
a very decided reddish color, but if this 
filters oat readily it may be set down as 
due to iron in euspeuaion. If the iron ia 
so combined as to require chemical rather 
tiian, or combined with, mechanical ac- 
tion, for its removal, then it may be 
classed more as a stain. One of the 
most fruitful sonrces of co?or is peaty 
soil and another is vegetable matter, 
where water, for instance, comes from 
swamps, or overflowed meadows, resulting 
in what some Westerners delight in calling 
" vegetable tea." Color may also be due 
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to tte development o£ low forms of or- 
ganic life in the water. 

Odor may be caused by tbe gases of 
decomposition of either animal or vege- 
table matter; by the decay of inert mat- 
ter, or by the life processes of some of 
the lower organisms. Like color, it is 
seldom directly harmful, but it may be 
very annoying, or even nauseating. 
Nothing will raise a greater storm of 
protest against a water supply than some 
of the odors due to the life or decay of 
algae and similar lower onanisms. 

Coolness is essential to the agreeable- 
ness rather than the healthfulness of 
water, although partly through custom 
it has come to be considered one of the 
prime essentials of drinking water. It 
is rarely the case that coolness can be 
allowed much or any weight in choosing 
between sources of water supply, except 
where comparatively limited quantities 
are to be provided. Generally speaking, 
underground sources yield water many 
degrees cooler than surface sources and 
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other things being eqnal this might be 
an important factor in deciding between 
two aonrces. One seldom sees it men- 
tioned in an engineer's report on sapplies 
of any magnitnde, but in setting forth 
the attractions of cities and towns mnch 
stress is often placed on the fact that 
cool artesian water is available. The ef- 
fect of BQch a supply in redncing ice bills 
might be quite large, as a whola In 
most cases, other factors than coolness 
wonld have a preponderating influence in 
selecting a water supply, especially since 
water may be so readily cooled by ice. 
This suggests the importance of pure ice 
supplies, so the expenditnre of huge sums 
for securing pure water may not be nul- 
lified by polluting the latter with impure 
ice. In general it may be said that ice 
should be cut or manufactared only from 
potable water. Freezing is not a eafe^ 
guard against disease germs, but there is 
a tendency for the organic impurities to 
be forced downward as the ice forma on 
natural sheets of water, so unless the 
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vater ia shallow the ice formed on Btreams 
or lakes may be somewhat purer than the 
original water. Artificial ice has the im- 
purities, if any, concentrated in the cen- 
ter of the cake. It is common to distill 
or filter (sometimes boU^ water nsed in 
making artificial ice. ETery housekeeper 
and h^ of a family should look care- 
, fully into the aonrce of the ice snpply. 
It IB safer, in any event, to place ice 
around rather than in contact with water 
or food which is to be cooled, as then 
there is much less chance of contamina- 
tion. This may result in an actual saving 
of ice and have the further advantage, in 
the case of water, of not producing so low 
, a temperatare and thus so much possihle 
harm from drinking ice water. It ia ob- 
vious to any person who has watched the 
cutting or manufacture, storage, trans- 
portation and delivery of ice that even if 
natarslly pure it may become infected 
with disease germs before it reaches the 
ice chest or water cooler. A little re- 
fiection along this and similar lines will 



afford possible explanationB of some of 
the " mysterioae dispensations of Provi- 
dence," and the spontaneous origin of 
disease, regarding both of -which, happily, 
we hear less now than a few years ago. 

Before leaving the consideration of 
what constitutes potable water a few 
words may be said regarding its advan- 
tages, for certainly they are fully appre- 
ciated in but few cities or towns, although 
there are. great contrasts in this respect 
and there has been much improvementof 
late. The existence of intimate relations 
between water and health is accepted al- 
most universally by all intelligent people, 
but it is unfortunately true that sanitary, 
like moral, principles, are much more 
readily accepted as abstract truths than 
made a part of daily practice. Thou- 
sands and thousands of men and women 
in their prime, and bright and promising 
youths, are sacrificed yearly to typhoid 
fever caused by drinking sewage-polluted 
water. To every such death there are 
from five to ten cases of sickness and re- 
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corery from i^^n disease, wUoh generally 
Tons a wearisomely long oouree. Besides 
tlie typhoid tKero are many other and 
minor instances of bowel troubles. Al- 
lowing only 25,000 deaths from water- 
borne typhoid annually in the United 
States, and only aix cases to each death, 
there would be 150,000 cases, For every 
reported case of typhoid with sicbness 
extending over some weeks, it is safe to 
assume two cases, or 300,000 in all, of 
unreported typhoid and of water-borne 
diarrhcea and dysentery of longer or 
shorter prevalence.* This is an enor- 
mous debit against impure water. But 
it is far from being all. Everything that 
diminishes the natural attractions of water 
for drinting and bathing purposes, lite 
turbidity, color, bad tastes and odors, 
tends to lessen the sum total of healthful- 
ness and vitality. Scores of cities might 
be named where the water delivered to 
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coQBumers regularly, or at frequent inter* 
vala, IB 80 muddy as to make the thought 
of bathing in it repulsive; it suggests 
anything but cleanliness. Water of some 
sort ie simply indispensable. The differ- 
ence between the valne of pure and im- 
pure water Buppliea is well nigh, if not 
absolutely, ineatimable. 

Though outside the scope of this vol- 
ume, it may properly be noted in passing 
that the qualities that make water pota- 
ble also enhance its value for many in- 
dustrial purposes, sothereis added reason 
for insisting on having only pore water. 
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HOW POTABLE WATER MAT BE 

SBCUEED. \ 

Having oatlined the characteristics andl 
value of potable water it is in order to 
ioquirehow it may be secared, or; being- 
secured, how it may be preserved front 
threatened contamination. 

The natural aim is to search out and 
appropriate some source of supply which 
yields water possessing the desirable qual- 
ities already described. If the search is 
vain then artificial means mnst be pro- 
vided to make good nature's omissions or, 
more likely, man's commissions. 

Water supplies may be divided broadly 
into two great classes, surface and under* 
ground. Surface supplies are drawn from 
streams, takes, or artificial resftrvolrsjand 
nnderground water from wells or filter gal- 
leries. Barring the collection of atmos- 
pheric dust and bacteria in its downward 
passage, rainwater is as pure as it can ba 
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made by nature's great distillery. It is after 
striking the earth, for the most part, that 
itbecomescontaminated. In running over 
or through the earth it takes up mineral 
salts and organic impurities, gathering 
m05t of the former when passing throngh, 
and most of the latter when passing over 
the earth. The upper part of the crust 
of the earth is a great filter, which re- 
moves nearly all the suspended matter 
and also removes, or else tranaforms, 
most of the organic matter taken up by 
the water as it passes over the earth's 
surface, provided the journey is long 
enough. Underground supplies, there- 
fore, unless taken near the surface, 
or subjected to special and immediate 
sources of pollution, are generally 
freer from orgamc impurities and bac- 
teria of all sorts than are surface supplies, 
while the latter are more liable to con- 
tain only small quantities of mineral 
salts. Deep wells, in some parts of the 
country, yield water so heavily charged 
with mineral matter or with gaaes as to 
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be beyond all pOHeibility of domestic nso. 
Even the water from comparatively shal- 
low wella may be quite hard. But sur- 
face sapplies gathered where limeatono 
oatcrope largely may also be hard, and. 
in the West and Southwest some Burfaoe 
Bnppliea take up bo much alkali from tha 
soil as to be unfit for any purpose. 

Water gathered from cultivated fields 
ia liable to contain much organic matter^ 
inert and active, and clay, silt or sand in 
additiou. Water from woods, meadows 
or swamps may contain much vegetable^ 
organic matter, objectionable in itself, or 
furnishing food to low forms of life that 
give rise to unpleasant tastes and odors. 

Last, but not least, sewage pollutioo. 
must be mentioned as the most duiger- 
OOB of all sources of contamination. 
Where considerable quaotities of water 
are involved sewage affects surface sup- 
plies far more extensively than under- 
ground, but small supplies from shallow 
public or private wells may be infected 
by one or a few privy vaulte or cesspoolf^ 






the greHt menaoes of Uie vater eapply of 
country houses and of villages without 
poblic water supplies and sewerage s;s- 
temfi, 

la matters of water supply, above all 
thinge else, even the appearances of evil 
should be shonned; so the first principle 
of eecuring potable water is to avoid all 
supplies known or liable to be polluted 
and to choose those above suspicion. 
Where polluted water cannot be avoided 
every effort should be made to stop the 
pollution and if this is not sufQcient, 
then the water must be purified. 

In case a water-works plant is being 
established, or a new source of supply 
added, the first object should be to selaot 
water of the highest standard of purity. 
The qualities to be sought are so impor> 
tant that they may be mentioned again: 
Freedom from disease germs, substances 
that derange the human system, color, 
odor, taste and sediment. The first is 
of the most importance by far. 

The ideal plan would be never to 
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chooee a wat^r supply into which aewage, 
however bidaII the quantity, is discharged, 
and never to allow snch discharges into 
any existing source. It is difficult to 
carry oat this ideal in any case and the 
magnitude of the task increases with -the 
size ot the snpply. We are, therefore, 
sometimes forced to consider whether 
some small or remote source of sewage 
pollution may not be tolerated in order 
to render an otherwise satisfactory supply 
available, especially if all others worthy 
of consideration are much more costly. 
If the pollution be small some means of 
preventing it may often be found; if it is 
both remote and small the danger is cor- 
respondingly lessened. But where shall 
the limit be placed P Both individuals 
and communities are loath to incur 
trouble or expense beyond a certain 
point in order to avoid remote chances of 
danger or death. Each case has to be, 
and shonM be, settled on its own merits. 
Regret it though we may, it sometimes 
becomes neceaaary to take some risks, lest 
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the financial bardeu due to avoiding them 
be greater than can be borne. There is 
a limit by law, in some places, and by 
local public opinion everywhere, beyond 
which tax rates and bonded debts cannot 
pass. It is less of a burden on one's 
conscience and far safer for all concerned 
to urge that no sewage pollntioQ should 
be tolerated than to name any small per- 
centage of quantity in relation to the 
total amount of water or any distance at 
which the admission of sewage could be 
winked at. 

Fortunately there is always some avenne 
of escape from death-dealing wat«r. 
Either a natural supply may be found, 
pollution prevented by legal measures, 
purification adopted, or, as a last resort, 
a dual supply may be provided, pure 
water in very limited qnantities being fur- 
nished for drinking and cooking. 

The pollution of public water supplies 
is prohibited with more or less specific- 
ness by the laws of many, perhaps all, civ- 
ilized states. But laws alone are of little 
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aoconnt nnlees backed hy force. The re- 
quisite force may be that of Btrong public 
opinion (in fact must be, primarily) or it 
may be provided by the police power of 
the state. Unfortanately, in moat of onr 
statea, public opinion in these matters ia 
not yet strong enongh to prevent water 
pollution, or to secure the passage of the 
legielation essential to that end. How- 
ever strong public opinion may be, there 
are also some who will never yield to it 
except when compelled by force, and 
when that mast be exerted the proceed- 
inga should be laid down by legislative 
and judicial deliberations, rather than by 
escited moba. We need, then, wise laws 
to protect the purity of our public water 
supplies (in fact of all public waters); 
administrative power to supervise their 
enforcement; and a capable bench to 
judge offenders and mete out punishment 
to them. The questions involved are 
often more than local or even state con- 
cerns; they are sometimes interstate and , 
may be international iu their scope 
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Thns far in this country we have not gone 
much if any beyond state control of the 
purity of water, and not far in that. The 
general government interferes at times 
with the dumping of garble and othor 
sohd refuse in navigable streams or lakes, 
but this seems to be a safeguard against 
obstructions to navigation, rather than 
to health. The legislatures of Vermont, 
New Hampshire, Massachusetts, Con- 
necticut, New York, New Jersey, Ohio 
and Minnesota have given their State 
Boards of Health more or less adequate 
supervision of the public water supplies 
of the several states named, or have 
taken other notable steps for the protec- 
tion of municipal water supplies. 

It should be a misdemeanor, if not a 
crime, to discharge any polluting sub- 
stance, but more especially sewage or 
human excrement, into any water used 
for public supply. This shouldapply even 
at points remote from water-works in- 
takes. Further, the only safe way is the 
plan now in force in Massachosetts, New 
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Topb and OMo, and partly in New Jersey, 

of requiring all plans for sewerage and 
sewage disposal systems to be approved 
by the State Board of Health or a State 
Sewerage Comntission. In Massachusetts 
and Ohio the plan includes water supplies | 
as well, while inNewTorfe the State Board 
ofheal th may, on appUcationfrom the local- 
ities concerned, establish rules for the san- 
itary protection of public water supplies. 
Such supervision, to be most eflEective, 
should be carried out with the aid of a 
competent stafE of en^neers, chemists, 
bacteriolo^ts and legal advisers, varied 
in size to meet the wants of each state.* 
The prevention of water pollution is 
a broader question than the preservation 
of water supphes, although the latter is 
the object of greatest importance. Waters 
not used as sources of supply must be 
protected from such gross polliitions as 
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Trill give riae to ofEensiTe odors, or de- 
posits on the beds and banks, and an eye 
should always be had to the possible 
future use of a stream or lake as a public 
water supply. The minor aspects of the 
subject do not conflict with the main 
point, but rather safeguard it, for if all 
the waters of a state are under snrreil- 
lance there is less chance of overlooking 
minor dangers to public water supplies. 
Strange as it may seem, most of the 
cases of water pollution that have been 
fought with success in the courts have 
related to nuisances, or damages to ri- 
parian owners, rather than the pollution 
of public water sappliee. This is due 
partly to the fact that it is far easier to 
prove injuries or nuisances due to bad 
odors or objectionable deposits than those 
involving the spread of specific diseases 
by means of water taken into the human 
system. When public opinion begins to 
realize more fnlly the relation between 
impure water and disease, then there 
vill be a like awakening on the part 
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of the bench. The cpurta are gen- 
erally in advance of the general public in 
these matters, but with the present prac- 
tices regarding expert testimony each 
side in a suit can generally marshal as 
many so-called authorities as the other. 
The judges feel that one theory is offset 
by another, and in the absence of definite 
and Bpeeific proof that a typhoid patient 
vas brought to his bed and death through 
dTinking aewage-pollated water they often 
decide in favor of the alleged polluter, 
whether the case be brought to recover 
damages for death or sickness, or to en- 
join the discharge of sewage by one mu- 
nicipality above the water-works intakes 
of another. Where the offender has beeu 
a private person or corporation relief from 
pollution seems to have been granted 
more readilj. Cities may hesitate to 
prosecute each other, and too often one 
community suffering from sewage polla- 
tion is inflicting like injuries, in greater 
or less degree, upon those further down 
the stream. There may be a slight ex- 
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COBe in some of these cases of failure to 
proceed against anoth'er community, but 
what shall be said of those cities and vil- 
lages which pollute their own water sup- 
plies, literally consuming their own 
sewage ? That there are each, and not 
a few, cannot be contradicted, as physical 
examinations of sewer outlets placed 
aboTB and sometimes near water intakes 
too often show, as well as the typhoid 
death rates of these shameless and sui- 
cidal conunanities. 

Before passing to a consideration of 
artificial means of removing dangerous 
and objectionable qualities from water 
supplies not too badly polluted a few 
lines are demanded regarding the relation 
between water waste and impure water. 

Many a city and town is suffering the 
ravages of the typhoid scourge, or other 
ills, because it allows itself to be imposed 
aj)on by the two-fold plea of the prohib- 
itive expense of a purification plant and 
the menaces to health and infractions of 
liberty which would result from a cur- 
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tailment of the consimiption, or raiher 
waste. It waa stated near the outset that 
aa average daily supply of 100 gallons 

per capita is commonly allowed in eeti- 
mating the qnantity of water required by 
a city. This is generally far more than 
can be legitimately used, but is exceeded, 
by 100 to 200 per cent, in a number of 
American cities suffering from impure 
supplies. Some waste must be expected, 
but such amounts as these figures indi- 
cate are criminal, especially when the 
water is dangerous. By cutting down 
the cousumptiou and waste to legitimate 
figures enough money might be saved in 
many suffering cities to pay the whole 
coat of purification works in a few years, 
and to meet the operating expenses as 
well. AVhere the water is supplied and 
paid for by meter measurement not only 
is the waste greatly cut down, but those 
who either waste or use large quantities 
of water pay for it, everyone contributing 
his proportionate share toward the ex- 
pense of the supply. If no meters are 



nsed and eo-called flat or schednle rates 
prevail, the careless eoiiBumer pays es- 
actiy the same as the careful one, though 
using from two to twenty times the 
amount of water. This is not only gross 
injustice, but it often robs the water de- 
partment of so much proper income as 
to greatly hamper its operations. 

If it is imprudent and unjust to let an 
ordinary snpply run to waste without 
hindrance or compenaation, what shall 
be said when the water has been purified 
at great expense ? Even if the present 
supply of water be ample and pure the 
conditions of the future may change the 
situation completely, owing to the en- 
croachment of population on drainage 
areas, the increase of nrban population 
and the even more rapid increase in per 
capita water consumption. It is there- 
fore the duty of every community not 
only to do all it can to conserve the purity 
of its water supply, but to conserve the 
volume of supply as well, against the al- 
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most inevitable day when it will become 
insufficient or need purification. 

It is evident that if all population 
were excluded from drainage areas there 
could be no sewage pollution. Tlie at- 
tainment of this ideal condition is possi- 
ble only when the municipality or private 
company owns or controls the whole 
drainage area, although th«:e are numer- 
ous gathering grounds having and likely 
to continue to have only sparse popula- 
tions. A number of English cities own all 
or large portions of the dr^nage areas 
from which their surface water supplies 
are gathered. Birmingham, Liverpool 
and Manchester being notable examples. 
In this country such ownership to any 
marked extent is rare, but it has been 
adopted by several cities aud one or 
more private companies of late. In form- 
er years the practice was quite unneces- 
sary here, owing to the scanty populations 
in the areas from which water supplies 
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-were draTni,btit it is becoming more and 
more urgent, as the rural districte are filled 
villi the villages aud tlie coontiy homes 
of city workers. New York City has spent 
some millions in buying landand buildings 
bordering on its reservoirs and their feed- 
ers. Boston Rnd some of the municipah- 
ties in that section have done and are do* 
ing the same thing, on a smaller and per- 
haps wiser plan. Besides this, Boston has 
contributed lai^ proportions of the cost 
o£ sewage purification plants for several 
towns and cities, in order to remove the 
sewage from its drainage areas. Roches- 
ter, N. Y., for many years, maintained a 
pailsystem for the removal of excretafrom 
cottages on the shores of Hemlock Lake. 
In 1895 the city secured legislative author- 
ity to acquire title to a atrip of land 200 ft 
wide, around the lake in order to make the 
protection more sure. Up to Dec. 1, 1905, 
the city had acquired 14.62 miles of lake 
frontage out of a total of 15.93 miles. All 
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cottages and Hotels on tlie land acquired 
bad been remored on the date named, leav- 
ing only a half a dozen cottages on the 
shore. A number of American cities liaT« 
begun extensive tree planUng on land 
bought to protect their water supplies. lu- 
cludedin these ar6Boston,ormore correct- 
ly the Metropolitan Water & Sewerage 
Board, which is responsible for the devel- 
opment of a water supply for Boston and 
some twenty other cities and towns. — 
Woonsocket, B. I., Hartford and Middle- 
town, Coni>. The private water company 
BupplyingNewHaven,Conn., has also dona 
some planting. (See "Forestry on Water- 
Works Drainage Areas." Engineering 
News, January 15, 1903). 

Where no land has been secured for 
the purpose under diBcussion, and often 
where it has, much good maybe accom- 
plished by maintaining a sanitary patrol 
of the drainage area, warning offenders 
and prosecuting them when necessary. 
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It was once considered better sanitary 
eDgineering to secure, even at greater 
cost, a water supply above suspicion than 
to attempt purification. This is still a 
wise policy, within certain limits, but 
often it is impracticable. Moreover, there 
is a growing belief that before mauy 
years public sentiment and State legisla- 
tion will demand that all surface water 
supplies must be purified in this country, 
as they must in Germany. Even a small 
amount of pollution may cause an epi- 
demic of typhoid fever, but if the water 
is purified just before being delivered to 
consumers, almost perfect safety is se- 
cured. Moreover, when this plan is pur- 
sued less remote sources become available 
or the continued use of old ones is feas- 
ible. The saving thus effected in pipe 
lines and other extensive construction will 
often go far towards the cost of the 
purification works. It must be understood 
that no general rule can be laid down here, 
each requiring a solution in accordance 
with local conditions. 
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It is also true thai the particular system 
of purification to be adopted will depend 
largely on local conditions. Chief among 
these are : The character of the water to 
be treated ; the cost of land required for fil- 
ter sites and the nearness or remoteness of 
suitable filtering material; the cost of 
labor; whether extra pumping is neces- 
sary for one system and not for another ; 
and the cost of coal and of chemicals, in 
case the latter be required. 

Where the problem to be solved is the 
removal of bacteria and organic matter 
due to sewage pollution the nearly univer- 
sal practice is to filter the water. This 
may he done by means of large artificial 
beds of sand, 3 to 5 feet deep, at the rate 
of 2,000,000 to 3,000,000 gallons an acre 
daily, or by passing the water through 
tanks containing sand or other filtering 
material, at daily rates of 90,000,000 to 
125,000,000 gallons an acre. 

The first system is known as natural or 
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slowsandfiltraUoQ, and thesecond as rapid 

or mechanical filtration. Some writers 
also use the terms Engliflh and American, 
respectively, but these convey nothing in 
themselves, except historically, and are 
somewhat misleading in that respect. 
They have the further disadvantage of 
lending themselves to sentiment, preju- 
dice and commercialism, instead of a scien- 
tific nomenclature. In this volume slow 
sand filtration and mechanical filtration, 
or treatment, will be employed to desig- 
nate the two systems. Mechanical treat- 
ment is in some respects the preferable 
term, since the process may involve coag- 
ulation and sedimentation, as well as filtra- 
tion. Mechanical is especially appropriate 
in any case, since in this system mechan- 
ical means are used to wash the filtering 
material In fact the whole process is 
mechanical, as compared with the natural 
processes utilized in slow sand filtration. 
For many years after the extensive use 
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of slow sand filtration in England and on 
tlie continent, and its more limited adop- - 
tion here, the oharacter and scope of the 
process was unknown. This was due to 
the idea that a mass of sand, perfectly 
inert in itself, could effect no chemic^ 
changes* in the contents of water, and the 
consequent belief that the only action of 
a filter bed was that of a strainer. The 
contrary conld not be known in the early 
days of filter beds, because of the inade- 
quacy of the old methods of chemical 
analysis and the fact that the bacterial 
examination of water had not been 
dreamed of then. The development of 
modem methods for the determination 
of the oganie contents of water, together 
with Koch's wonderful discoveries in the 
bacterial field, changed the whole con- 
ception of filtration. The organic chem- 

• Commpsritirelr little atleatioii, in tbese later iajt. 
Is glren to the chemical changea in the crsanlc ccn- 
teiua o( water, these Keiui^y helng too siaul to be of 
an; moment In themselTes. In sewage i>ur]flcatioii, 
howerv.grsatstreiBla laid uiini the tedoftion ot n. 
Banic matter by meaiu of bacterial action. 
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ical determinations showed that matters 
in solution were rednced and sometimes 
nearly disappeared in the passage of water 
through the filter beds. This, obviously, 
could not be due to mere straining and 
was finally credited to oxidation. The 
assumption was correct, but the method 
by which the oxidation was effected was 
still misunderstood. With the general 
acceptance of the germ theory of dis- 
ease and the ascertainment of the dimen- 
sions and other characteristics of bacteria 
the light began to dawn, but some stum- 
bling blocks remained. It wae now known 
that the deleterious effects of impure 
water were seldom caused by any specific 
chemical or chemical compound, but by 
germs with as fixed laws of development 
as the higher plants in the vegetable 
kingdom, to which bacteria belong. But 
these germs were only minute fractions, 
in size, of the voids between the grains 
of filter ■ beds, so how co«ld they be 
strained out by filtration ? Until .bacte- 
riology was sufficiently developed to make 
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the coTint of bacteria an easy task it V(iS 
Btrenuously maintained by many that 
while filtration would effect an abnoet 
perfect chemical purification, through 
the removal of organic matter, it offered 
little OF no restraint to the passage of 
bacteria. As soon as this development 
was attained and applied to samples of- 
water before and after filtration it vraa 
conclusively shown that somehow the 
bacteria disappeared. 

About this time bacteriology was added 
to chemistry in agricultural research and 
it was found that manures and other 
organic matters are broken down and 
transformed into plant food through the 
agency of bacteria. It being learned 
that the process was one of changing 
unstable nitrogenous compounds into 
stable nitrates the bacteria in question 
were named nitrifying organisms. The 
discoveries of the agricultural bacterio- 
logists were seized upon by the water 
bacteriologists to explain the manner in 
which oxidation is effected. It was seen 



that nitrifying orguusQiB, in vaet mTriade, 
developed in the filter beds, seized npon 
the organic matter and aided in trane- 
forming it into nitrates. 

There remained to be found an expla- 
nation of the disappearance of the bac- 
teria themselTee, only a small percentage 
- of the original numbers of which appear 
in the filtrate, under proper conditions. 
We now know that after a filter has been 
in use for a certain time a thin layer of 
sticky matter forms over its surface and 
thin films of the same substance cover 
each minute particle of filtering material, 
especially in the upper layers. It is these 
layers and films that retain the bacteria. 
Here the organiHua in the water, harmful 
or harmleBe, are retained, and here most 
of them perish, only a few inches from 
the surface. Those that penetrate deeper 
are liable to be caught in much the same 
manner, and in addition they snSer 
through lack of food, the organic matter 
OD which the; depend for sustenance haT> 



D.g.<.!,^ ,, Google 



49 

ing been changed to othsr iomiE, ot held 
on and in the sand abord. 

Witli all these facts known slow sand 
filtration takes on a new and brighter 
aspect. What once was considered a 
mere straimng process is now seen to be . 
due to chemical and bacterial agencies as 
well. In fact, while there were still nu- 
merous doubters of the germ theory of 
disease the leaders in bacteriology were 
fast proving that the very disease germs 
themselves were the indirect prey of other 
and harmless bacteria, or at least were 
not able to hold their own against 
the latter. Environment is a great 
force here. The disease germs are 
truly in strange and unknown waters 
when they reach the sewers, or . 
a stream or body of water. Their 
natural habitat is the human body 
and there is a rapidly growing amount of 
evidence to show that they do not flour- 
ish and multiply outside it, although 
they may live for some time. 

The derlopment o£ mechanical filtra- 
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tion is also an interesting atory. It be- 
gan in the early days when bIow sand 
filtration was believed to be only a strain- 
ing proceBs. It was fostered by the mud- 
diness of maoy sonthem and western 
waters and by a demand for the removal 
of color and vegetable matter. To re- 
move mud, or finely diyided clay and 
silt in suspension, large settling basins 
had been provided. These were often 
insafScient in size, beside which, no prac- 
ticable amount of settling would fully 
clarify the water. Filter beds might 
clear it for awhile, but muddy water 
clogged them quickly and frequent scrap- 
ings were very expensive. Chemicals 
were used to assist or hasten clarification 
in the settling baains, but the removal of 
the mnd thus thrown down was also a 
costly matter. Finally, the use of chem- 
icals was combined with filtration and 
sedimentation was abandoned for the 
time. The process then became about 
as follows (sulphate of alumina being 
taken as the representative chemical, aa 
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it is practicallj' the only one in use for 
this purpose now.) On adding the sul- 
phate of alumina, or alum, to the water 
that chemical changes to hydrate of 
alumina, which has the appearance of 
large, light flakes. I'hese passing down- 
wards or onwards through the water en- 
tangle the suspended matters. The com- 
bination is partly removed by sedimenta- 
tion, and what remains is caught by the Al- 
tering material. The rate of filtration is. 
so rapid and the precipitate so heavy that 
in a short time the filtering material be- 
comes clog^d. It is not only the upper 
layers, as in slow sand filtration, that are 
fouled. The great pressure and rapid rate 
carry the impurities well into the sand or 
other filtering material, so the whole mass 
needs cleansing. By placing the sand on & 
false bottom and having a system of pip- 
ing arranged for reversing the directioa 
of the water through the material, the im- 
purities may be washed out, going through 
a waste pipe to the sewer or other place 
of deposit. As the sand is likely to be- 
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come packed by the bead o£ water it is 
common to provide a revolving rake, 
tnrned by steam or other available power, 
. to loosen the filtering material and to aid 
in sconring it and in rinsing off the ao- 
cnmolated foul matter. Sometimes the 
rake runs only at the beginning of the 
wash and again it is kept in constant 
motion, depending somewhat npon the 
ideas o£ the inventor or proprietor o£ the 
filter and lai^ly upon those o£ the opera- 
tor j or instead of arake, compressed air ad- 
mitted from below is used to ^tate the 
sand, this being the more recent practice. 
As stated, this system of water purifi- 
cation oame to the front when it was still 
the fashion to call filter beds mere str^n- 
ers. It was easy to demonstrate physi- 
cally that the new method would remove 
sediment and color more readily than slow 
sand filtration. Some knowledge of the de- 
sirability of removing bacteria now com- 
ing to the front, it was also easy to claim 
that these were removed in great numbers 
by the close-grained layer o£ hydrate of 
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alunoitia and mud which forms on flie sand 
in the filter tanks, and qnite as easy to pro- 
claim that no such feat could be accom- 
plished by the filter beds, A lack of 
knowledge of the capabilities of ordinary 
filter beds and a lack of interest in them as 
-well, since for a time the sanitarians 
scarcely spoke a good wwd for them in 
America, made it a light task for the 
agents of mechanical filter companies to 
introdace their wares and to cry down 
slow sand filtration whenever any one had 
the hardihood to mention or nphold it. If 
the new process had not had its merits it 
would not have been adopted by 50 to 100 
cities before slow sand filtration began to 
come to its own in this country. But the 
meobamcal filters did some remarkably 
good work and could be installed with 
great comparative quickness and at no 
very great expense. Besides these desir- 
able qualities, many of the earlier mechan- 
ical filters were of the pressure type; that 
iSj were closed tanks, receiving the water 
direct from the pumping mains and pass- 
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iugitr along to the distributing system,aft«r 
treatment, without repumping. One of 
the greatest drawbacks to mechanical 
filtratton has always been the fact that any 
determined opposition to the process was 
generallysure of a common rallying point 
of the prejudiced, if only a cry was made 
against tbe injurious effects of alum on 
the human system, or if it was merely 
urged with persistence that the water was 
drugged with harmful chemicals. Fair op- 
ponents, unless laboring under misappre- 
hension, have not made much use of such 
claims, sinceobservations show that when- 
ever the water in question contains suffi- 
cient carbonates and bicarbonates of lime 
or magnesia for the alum to combine with, 
the filtrate can contain none of the latter, 
unless through over-doses of alum by 
careless attendants. 

The alum bogie was never so serious 
a drawback as the legal contentions be- 
tween rival filter companies over the al- 
leged infringement of patents. In the 
eighties, when mechanical filtration was 
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being developed and introduced, the pro- 
gress o£ the art was greatly retarded by 
patent litigation. This mattered less then, 
for slow sand filtration was still with httle 
or no intelligent support in this country. 
The contentions wereclosed by uniting the 
conflicting interests in one oompany. Un- 
fortunately for mechanical filtration, the 
strife broke out afresh, between the con- 
solidated company and independent ones, 
jnstwhenunitywasmostneeded. InEng- 
land, Germany and Massachusetts there- 
suits of important researches regarding 
the methods and efficiencies of slow sand 
filtration became widely knowu in the 
last decade of the nineteenth century. 
In 1893, an epoch in slow sand filtration 
in America was marked by the completion 
of the city plant at Lawrence, Mass. This 
was followed by others, and by the pub- 
lication of a vast mass of detailed inform- 
ation regarding the exact work accom- 
plished, both practically and experiment- 
ally, atmany differentpoints. While patent 
litigation over mechanical filtration was in 
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progreEB, and mnnicipalities vere await- 
ing the results, slow ^nd filtration came 
BO prominently to the front, with such 
definite and well-antbenticatod results, 
that a nnmber of cities which shortly be- 
fore wonld have contracted for mechan- 
ic^ filters, had not the litigation oc- 
curred, now either adopted slow eand fil- 
tration or concluded to await further 
developmenta in both fields. 

At this point it became evident that 
mechanical filtration was gravely handi- 
capped through lack of disinterested 
scientific data. The only information 
regarding its possibilities was put for- 
ward by those baring filters or Alter 
rights to sell, and this information was 
for the moat part very meager. Espe- 
cially was this true regarding the bacte- 
rial efficiency of mechanical filters. The 
devices had been pat on the market to 
clarify water, rather than to render it 
innocuous. 

The demand for more definite informa- 
tion led to the mechanical filter tests at 
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Providence, in 1893, by Mr. Edmund B. 
"Weaton, in which for the first time some 
extended and reliable data were obt&ined. 
Bat these investigations were on a small 
scale and were in some other respects nn- 
satisfactory. They have siHee been fol- 
lowed by elaborate etadiea of nnit plants 
on a regular working basia, with able 
forces of engineere, chemiata and bacte- 
riologista in charge. In 1898 and 1899 
large volnmes were published giving the 
results of such tests at Louisville, Ky., 
Pittsburg, Pa., and Cincinnati, 0.., re- 
spectively. The Louisville and Cincin- 
nutitestswere conducted with Mr. George 
W. Fuller as Chemist and Bacteriologist- 
in-charge. Mr. Allen Hazen was Chief 
Engineer of the Pitteburg teats. In the 
Louisville tests, mechanical and electrical 
treatment were considered. In the Pitts- 
burg and Cincinnati investigations both 
mechanical and slow sand filtration were 
studied exhauatively, together with some 
other procesaea or modified processes 
which need not be disenssed here. In all 



L'.ooglc 



58 

three cities the two-fold problem was pre- 
sented of removing large amounts of fine- 
ly divided suspended matter and bacteria 
in bigh numbers. The conditions were 
far difEerent from those at either the Ex- 
periment Station of the Massachusetts 
State Boardof Health, at Lawrence, or at 
the filter plant connected with the water- 
works of the same city. In both these 
cases the problem is chiefly the removal 
of bacteria from sewage polluted water, 
the Bnspended matters in the Merrimac 
Eiver only reaching at intervals of per- 
haps two or three years figures frequently 
attained at Pittsburgh and more especial- 
ly at Cincinnati and Louisville. 

Since 1898, important investigations of 
water purification have been made at 
Washington and New Orleans, reports on 
«ach having been published in 1900 and 
1903, respectively. 

The outcome of all these investigations 
and of the general development of both 
processes in recent years is the knowledge 
that either slow sand or mechanical filtra- 
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tion may be employed witli perfect safety 
f orthe bacterial purification of water, and 
that either of them, combined with sedi- 
montatioii, will effect a satisfactory clari- 
fication. With very large amountfi of fine 
ly divided sospended matter it may be 
more economical to employ mechanical 
than slow sand filtration. It should be 
stud further that there is reason to believe 
the two systems so nicely balanced in 
efficiency, and perhaps cost, as to render 
it impossible to tell vnthout investigation 
and caraf ul estimates which is best suited 
to each local case. Where land and labor 
are dear and filter beds need to be covered 
to prevent freezing, there is much to be 
said in favor of mechanical filtration. 
Whew the water cont^ns large amonnts 
of minute particles of clayey matter in 
suspension sedimentation is generally a 
necessity, what ever else may be done, and 
coagolatiou may be required also. If the 
filtering material is to require very fre- 
quent cleanings, as with very muddy, 
slow settling waters, the advantages of 
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some mechanical process for doing the 
work are apparent. 

Another and a great advantage of me- 
«lianioal filtration is its power of remov- 
ing color from tlie water. 

As to the relative costs of the two pro- 
cesses there has been much contention in 
the past, and there is little to be gmned in 
discussing the matter, except as applied 
to specific cases. It must be remembered 
that with mechanical filtration the saving 
in capital charges due to lower first cost 
and the saving in labor is largely offset hy 
the chaises for chemicals. The Louis- 
ville and other city reports are veritable 
mines of information oh these two sys- 
tems of treating water, as are the reports 
of the Massachusetts State Board of 
Health, beginning with 1890, on slow 
sand filtration. 

Sedimentation alone will do much 
towards clarifying some waters, especially 
those containing rather bulky particles, 
or matter of high specific gravity. For 
this purpose setthng reservoirs or basins. 



.i.i=t; .., Google 



61 

not differing materially from ordinary- 
reservoirs, except in having less depth, 
are employed. These must be in dupli- 
cate or some other multiple of a single 
day's supply, so the water of one may be 
settling while that in another, previously 
filled, is being drawn upon. 

Where iron must be removed, as is the 
case with some ground waters, a combina- 
tion of aeration and filtratiop has proven ' 
successful in numerous instanoea. Both 
mechanical and slow sand filtration have 
been employed for this purpose, lime, as 
well as sulphate of alumina, sometimes 
being used in mechanical filters. 

Bad tastes and odors may be guarded 
against by the wmoval or prevention of 
conditions favorable to the development 
of lower forms of oi^anic life, to which 
tastes and odors are largely due. Princi- 
pal among these are the stripping of 
reservoir sites of oi^anio matter which 
might serve as food for the lower organ- 
isms, and the covering of reservoirs to 
exclude light, or light and air, without 
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whioli some of the oi^anisnu io qaestion 
canaot grow. Filtration may be em- 
ployed to remove organisma caasing of- 
fensive tastes and odors, and aeration to 
remove odors, or a combination of the 
two. Aeration may abo be employed to 
remove objectionable gases due to oi^er 
causes than the life processes of loir forms 
of organisms. 

A new means of combating tastes and 
odors, or the algae that produce them, 
was publicly announced in May, 1904, 
and was used with success in many 
water-worlis reservoirs in both 1904 and 
1905. The method is simple and relative- 
ly inexpensive, merely involving the ad- 
dition of small quantities of copper snl- 
phate to the water infested with the odor 
or taste-producing algae. This agent 
kills the algae. The species of alga« giv- 
ing rise to the taste or odor should be de- 
termined with certainty in advance of 
treatment, since 1 part of the copper sul- 
phate to 1,000,000 parts of water is re- 
quited for some varieties and from that 
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down to one part in from 5,000,000 to peiv 
haps 20,000,000 for others. The copper 
sulphate is applied to the water by plac- 
ing it in bags attached to the stem or 
sides o£ a boat and by rowing or other- 
wise propelling the boat back and forth 
across the water to be treated. By this 
means the copper is dissolved and at tha 
same time distributed through the water. 
With proper quantities and application, 
of the copper sulphate most of the alga© 
are killed within from a few to 24 or 48 
hours, according to the variety o£ the or- 
ganism and other controlling conditions. 
Care should be taken to distribute tha 
agent throughout the whole reservoir or 
pond, and particularly in its shallow and_ 
stagnant portions. Some kinds of fish 
are killed with comparatively small doses- 
of the copper, making it necessary, in 
some instances, to know in advance th& 
nature of the fish as well as the algal con- 
tents of the water. 

Some health authorities are not yet 
convince.d of the wisdom of using copper 



M 

'stilph&te, lsa& are &vrKiting the reeitlte of 
detailed studies to determine wtiat be- 
comes of the agent and also its probable 
effect upon hnman beings who drink 
treated water. The chief inrestigations 
along these lines are being made b7 the 
Massach'isetts State Board of Health, 
which began ita studies of copper sul- 
phate in 1903, but up to the beginning of 
.1906 had not published its final conclu- 
<sions. 

Detailed accounts o£ (1) the laboratory 
Investigations and the early field tests of 
copper sulphates as an algicide, aiid (2) 
reports on the extended practical use of 
the agent in 1904, may be found in Bulle- 
tins 64 and 76, Bureau of Plant Industry, 
U. 8. Department of Agriculture (Wash- 
ington, D. C, May 7, 1904, and April 8, 
1905, respectively). These bulletins were 
prepared by Messrs. Geo. T. Moore and 
Karl F. Kellerman, of the department 
named, to whom, and particularly to Dr. 
Moore, credit is due for the introdaction 
of the method into practical use. A Tiil> 



nable sympoEdnm on flop|>er solpliste bb 
an algicide, and as a possible protection 
f^inst typhoid fever germs in public 
water supplies, and on tbe probable ef- 
fects of copper salts on man, was pab- 
Usbed in tbe Jonmal of the New England 
Water-works Association for December, 
1905 (Tremont Temple, Boston, Mass}. 
A great variety of opinion, some quite 
oontradictory, was brought out in this 
discussion. There seemed to be general 
but not unanimous agreement that copper 
sulphate may be safely and profitably 
used as an algicide, but that as a germ- 
icide it should be used with the utmost 
caution, if at all, and then chiefly as an 
emergency measure, rather than as a sub- 
stitute for filtration or as obviating the 
necessity of a new water supply. A 
number of articles describing the applica- 
cation of copper sulphate to water sup- 
phes in different parts of the country 
have been published in the technical 
journals. A tabulation of the main facts 
relating to nearly thirty of these applica- 



tions is appended to the symposium al- 
ready mentioned. 

Hardness may be reduced by some 
chemical process wliich will remove or 
transform the carbonates and snlphates 
which cause it. Lime or some other 
chemical, depending on the nature of the 
hardness, is used as a precipitant. This 
is followed by sedimentation, and general- 
ly by filtration as well. Municipal water 
softening plants have been in use many 
years abroad, but their introduction this 
side of the Atlantic is o£ recent date, and 
up to 1905 the chief if not the only city 
plants in use are those at Winnipeg, Man- 
itoba, and Oberlin, Ohio. 
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HOW TO DETECT IMPURrPIES. 

After vhat has preceded it is more 
evident than before that some quick and 

reliable method of testing the qualities 
of both natural and treated waters is es- 
sential. Without it, BoarceB of public 
water suj^lies could not be chosen with 
intelligence, nor their quality properly 
conserved, while it would be nBeleaa to 
attempt to purify water if there were no 
reliable means of comparing the product 
with the original. For couTenienee, 
natural waters will be considered first. 
Eemembering the qualities which consti- 
tute potable water it is readily apparent 
that the analytical tests to be applied fall 
under these heads: Chemical and phys- 
ical; bacterial; microscopical. Tothese 
may be added visnai inapection of drain- 
age areas and all foreign matter reaching 
the water, in order to detect pollntion; 
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and an examinatiou of the typhoid statis- 
tics of the commnnity naing the water in 
question, which serve as a wonderfully 
good index to sewage pollntion. The 
mortality from diarrhoeal diseases may 
be studied with possible profit. No ab- 
tempt will be made to present the tech- 
nique of water examination, nor to go 
deeply into the interpretation of analyses. 
There are several recent and most excel- 
lent books that do this at length. Instead, 
the general scope of water analyses will 
be onUined, with a few of the most sa- 
Eent features of interpretation. Then 
some examples will be given to illustrate 
how fully and beautifully typhoid fever 
statistics indicate the relative merits of 
the water supplies of different cities and 
variations in the character of the supply 
of a single city. 

The chief physical characteristics of 
water are temperature, turbidity, color, 
odor and taste. The methods employed 
to determine these being for the most 
part quite obvious only turbidity and 
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color determinations will be outlined here. 
One of the most recent methods of se- 
curing uniform and comparable records 
of turbidity is to note at what depth be- 
low the surface of the water under exam- 
ination some bright metal can be distin- 
guished. A platinum wire attached to a 
stick or rod graduated to inches, is often 
employed. The reciprocal of the depth 
of submergence is recorded, instead of 
the actual depth, for convenience in com- 
parison. Thus, if the wire* can be seen 
25 inches beneath the surface the tur- 
bidity is 0.04; if only 1 inch, it is 1. 

Obviously the scale may be graduated 
80 as to read reciprocals as well as or in- 
stead of actual depths, thus saving calcu- 
lations. 

A refinement on this method of deter- 
mining turbidity involves a standard of 
comparison consisting of the degree of 
turbidity corresponding to the introduc- 
tion into an absolutely clear water of a 
known quantity of sihca of a certain size 
of grain. By dilution, or else by varying 
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the qaantity of silica, as wide a range of 
turbiditdes as may be necessary can be 
secuied. Snch a standard or standards 
having been provided, natural vaters in 
long tnbes may be matched against the 
standards, each in its own rated tabe, and 
records of turbidity made. It is also 
possible to refer platinum wire readings 
to the silica standard, by properly grad- 
uating the wire scale. Or, as a still fur- 
ther refinement, a candle or an electric 
turbidimeter, similar to the gas photome- 
ter in general prindple, may be subetatu- 
ted for the platinum wire method, still re- 
taining the silica standard. 

The oolor is determined by placing the 
water in an opaqne tube, with ^ass at 
each end, and comparing it with flimilar 
tubes of standard solutions, graded by the 
decimal system. When a solution is 
found which matches the natural water 
its number is rocorded. 

In place of the standard solutions, col- 
ored disks properly rated may be used. 

Further information on the determina- 
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tion of both turbidity and color, with ref. 
eronces to some of the literature of the 
subject, may be found in Water Supply 
and Irrigation Paper No. 151, "Field As- 
say of Water," by Marshall 0. Leighton, 
published by the U. S. Geological Sur- 
vey (Washington, D. C, 1905). The 
pamphlet also contains descriptions of 
field testa for iron, chlorides, hardness, 
carbonates, sulphates and calcium. For 
iron the color disks are used t^ measure 
the iron color, or more properly redness, 
produced by adding known quantitjea of 
chemical reagent to the water. For sul- 
phates the turbidimeter is used. For the 
other named constituents various chemi- 
cal tablets o£ rated strength are employed. 
The pamphlet describes a field outfit, read- 
ily carried by hand or on horseback, for 
making all the determinations named, 
For the most part the field assay of water 
by means of tablets was in an experimental 
etage in 1905, but gave promise of good 
results wherever a large number of com- 
parative results are more important than 
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a bigh degree of accuracy, as is very 
often the case. 

At this point emphasis may well be laid 
pn the fact that practically the whole 
range of sanitary water analysis is a search 
for indexes of purity or impurity, rather 
than an attempt to find epecifio contam- 
jnating matter. Of course color, turbid- 
ity, taste and odor can be recognized 
directly by three of the senses, but these 
qualitiesin themselves are not necessarily 
hatonful. The chemical determinations 
of organic contents of water are designed 
to aid in tracing the history of the sam- 
ple, whether the organic matter is of veg- 
etable or animal origin, and if from sew- 
age, the nearness or remoteness, in point 
of time, of its addition to the water. 
likewise the bacterial examinations do 
not reveal, unfortunately, the true char- 
acter of the germs, but simply aid in 
pronouncing upon the probable origin of 
the organic matter, as will be set forth at 
more length later on. The microscopic 
examinations are generally sufficiently 
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definite in tlie identification o£ the larger 
organisms, and since the advent of the ' 
copper snlphate treatment of water for 
the prevention of algal growths, the 
microscope is of far more direct practical 
nse to the water analyst than ever 
before. 

The chemical analyses of water are 
generally confined to determinations of 
organic matter, or substances associated 
with it, and hence indicating its presence. 
The common procedure is to test for 
albuminoid and free ammonia, nitrites 
and nitrates, ss being themselves organic 
in origin ; for oxygen consumed as in- 
dicating the extent to which the free 
oxygen of the water has been taken up by 
the organic matter in the water ; and for 
chlorine, as an almost sore index of sew- 
age pollution, when found in quantities 
above the normaL 

The ammonias and nttrogea com- 
pounds not only tell the amount of or- 
ganic matter present, but their relative 
amounts, combined with the oxygen con- 
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snmed and chlorine, are a guide to the 
' character of the oi^anic matter and the 
ncaniess or remoteness of the pollution 
in point of time. This will be the more 
readily understood on remembering what 
has heeu stud regarding the changes in 
the form of organic matter wrought by 
the nitrifying organisms in ordinary filter 
beds. Whatever the origin of the or- 
ganic matter, the bacteria break it down 
so the carbon is separated from the 
nitrogenous matter, and the latter is 
successfully transformed from albumi- 
noid to free ammonia, nitrites and ni- 
trates. Hence, if the nitrogen present 
was mostly in the form of albuminoid 
ammonia, and the oxygen consumed was 
low, it would appear that the pollution 
was recent ; otherwise the available oxy- 
gen would be low (or the required oxy- 
gen high) and the nitrogen in Jmore ad- 
vanced stages. High free ammonia or 
high nitrates simply mean that the nitri- 
fying process has gone further, but is not 
yet complete, hence there is danger that 
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many disease germs may stilt be present 
and able to work miaohief. IE tke ni- 
trates are high, and the ammonias and 
nitrites low, then nature has done its 
work and no more chemical changes need 
be expected, except those due to the tak- 
ing up o£ the nitrates for the support o£ 
organic life. 

The chlorine fonnd in water comes 
from two general sources : (1) It is con- 
densed from ocean or other watery 
vapors; or (2) it has its origin in the 
common salt universally used by civilized 
peoples to season their food. Obviously, 
then, if we know the amount of chlorine 
normally present in the natural waters of 
a localily any excess may be attributed to 
Eewage pollution, unless some other and 
speoial or unusual explanation is found. 
The chlorine once admitted to water re- 
mains there in solution, practically un- 
changed in any way, except by dilution 
or concentration of the water itself. If, 
therefore, a water is high in organic 
matter, and normal in chlorine, the pol' 
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IntioQ may be attributed to v^etable 
origin; if both the orgaaio matter and 
chlorine be high the water has probablj 
been polluted by sewage. 

The normal ohlorines for New EngUnd 
and for New York State, as determined 
by State Boards of Health and others, 
have been compiled by Daniel D. Jaok- 
son and published as Water Supply and 
Irrigation Paper No. 144, U. S. Geology 
ioal Survey (Washington, D. C, 1905). 
The results are presented in both tabu- 
lar and map form : the tables showing 
the amounts of chlorine, in parts per 
million, found in the normal or unpolluted 
water of numerous localities, and the 
maps showing isochloral lines, or linee 
formed by connecting all the points hav- 
ing the same normal chlorine. These 
lines are, in general, parallel with th© 
coast line and show chlorine ranging 
from 6.0 parts per 1,000,000 on the ooast 
to 1.0 near Concord, N. H., Springfield, 
Mass., and Newburgh, N. Y., and to only 
0.3 diagonally across Northern Miune 
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and across New York State, approxi- 
mately from Plattsbargh to Geneva and 
onwards, and 0.2 at Buffalo, N. Y. 

In making analyses for the mineral 
contents of water the results are positive 
and definite instead of being mere in- 
dexes. Few surface waters have objec- 
tionable qnantities of mineral matter, 
except where there are extensive out- 
eroppings of limestone, or the soil is 
highly alkaline. Most of the gronnd 
waters rejected on account of mineral 
contents, except those distinctly classed 
afi mineral, are high in carbonates and 
sulphates (hard) or in iron. Sometimes 
soft Or peaty waters take up lead from 
service pipes of that material. What^ 
ever the material sought may be the 
chemist determines itin the most direct 
manner, compares it with a fixed stand- 
ard and approves or condemns the water 
accordingly. 

Bacteria live upon organic matter and 
wherever the latter is present in large 
quantities the former are to be found. 
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All organic matter undergoing rapid 
transformatioii is sure to be teeming with 
bacteria. This ia especially true of or- 
ganic human wastes. Hence, water in 
which bacteria are abundant is generally 
looked npon with snspicion, particularly 
if included among them are intestinal 
bacteria, such as the B coli communis, 
which abounds in domestic sewage. 
As for learning whether specific disease 
germs are present or absent in a given 
water supply the attempt can lead to no 
results but delusion, until bacteriologists 
get far beyond their present knowledge. 
The reanons for these statements are as 
follows : The isolation and identification 
of the typhoid germ from among 
many species, which is the problem in 
the case of water, is a long and tedious 
task at best, even if it can be done with 
anything like absolute certainty. It 
therefore follows that negative results 
are no assurance that the typhoid germ 
is not actually in the water, so tlie dec- 
laration, " no typhoid bacilh were 
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found," may lead to trusting in tli© 
safety of a most dangerous water 
supply. Morever, even if the typhoid 
germs could be found it would not be 
until days or weeks after this particular 
bacillus, or its predecessor, was' deposited 
in the water, and consequently disease 
might have been spread broadcast mean- 
while. Of course, repeated isolations of 
the germ, even weeks after the pollution 
occurred, would be the most convincing 
'evidence that the water was wholly un- 
safe. The chief danger from a miscon- 
ception of the function of bacterial water 
analysis lies in the fact that the bacteri- 
ologist is often consulted when an epi- 
demic is at its height, and if he says he 
finds no typhoid bacilli in the suspected 
water, as it appears from the best men in 
the profession that he must (provided 
he is honest and not deiuded himself), 
then a bad source of supply may be con- 
tinued in use. When a typhoid epi- 
demic is at its height, the infection must 
have arisen two or three weeks earlier, 
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^ving ample opporhmit^ for tbe real 
cause of the trouble to disappear from 
the water. 

We come back, then, to our starling 
point: The presence of large numbers 
of bacteria indicates tlie presence, also, 
of large quantities of organic matter. If 
this is of bumacc origin it is most dan- 
gerous. Danger being indicated and 
appreciated, steps may be initiated that 
will determine the facts in the case. If 
the chemical analyses show much organic - 
matter in the water, in a state of de- 
composition, with high chlorine, and i^ 
many bacteria are present, it is time that 
something were done to remove the con- 
ditions, unless a satisfactory explanation 
can be found, which is quite unlikely. 
If the water in qnestaon is actually being 
consumed a study of the typhoid statistics 
of the community in question may prove 
instructive, while in any case the driwn- 
age area should be rigidly inspected to 
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see if the water is receiving haman excre- 
ment from isolated houses, villages or 
cities. These last two points are dis-- 
cussed further on. 

The microscopic examination of water, 
from a thoroughly practical standpoint, 
is just out of its infancy. The microscope 
may give some indication of the origin 
of inert organic matter suspended in 
water. It will unquestionably enable the 
trained water naturalist to name the dif- 
ferent micro-organiema in the water. 
The effect of a few species of these, oc- 
curring in largo quantities, the miorosco- 
pist can predict with certainty, and he 
may know, for a ^ven source of supply, 
what organism is most likely to appear at 
varying seasons of the year and under 
diflEerent conditions of the water. When 
micro-organisms appear in large numbers, 
^ving offence to sight, smell or taste, the 
species may be determined by a micro- 
scopical examination, after which copper 
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sulpliate iti amount proportioned to the 
spoiiific orgaoism may be applied to the 
wat-er to stop the troublesome growth. 

Equally applicable to the methods of 
water examinatioQ is the fact that single 
analyses are almost worse than useless, 
.except possibly where water is high in 
mineral matter or is obviously polluted, 
A series of analyses, systematioally 
planned and exeeuted, is required, if aa 
intelligent and safe opinion on a water 
supply is to be pronounced. It is also 
of the greatest importance that the 
analyst should know the origin and en- 
Tiroument of the water he is examining, 
preferably by personal inspection. This 
is the more apparent, iu the case of sani- 
tary analyses, when it is remembered 
that the analyses merely serve as indices 
to ^d in judging the character and ante- 
cedents of tie water. 

Little need be said to show that one of 
the most efficient and incontrovertible 
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means of deteotingimpuritiesin water is 
a visible inspection of the water and all 
that is discharged into it. If the banks 
of the streams, ponds or reservoirs in 
which water is gathered or stored are 
lined with privy vaults, if cesspools are 
nearby, and if sewers are adding the vol- 
ume of their flow to that of the water 
supply, chemists, bacteriologists and 
miorosQopiste hardly need be called in to 
determine that the water is impure. 
Wherever population cannot be excluded 
from a drainage area strict sanitary in- 
speolion should be maintained to see that 
no pollution is permitted. With good 
laws for the punishment of offenders, or 
intelligent judges to lay down the com- 
mon law, sanitary inspectors can do 
much for the purity of water supplies. 

A word should be said regarding the 
collection of samples. This should be 
done by the analyst, or a person acting un- 
der his instructions, or some one thoi^ 
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oughly (Junversant with the essentials o£ 
taking samples, first o£ all, the recep- 
tacles in -which the samples are placed 
mast be thoroughly clean and as soon as 
filled must be sealed to prevent the in- 
troduction of foreign matter. The water 
must be oolleoted in snob a manner as to 
be representative of the average water 
furnished. For bacterial examinations 
the cultures should be planted as nearly 
as possible on the spot, and if shipping of 
the samples before planting is necessary 
the samples should be packed in ice. 
Plain directions for collecting and ship- 
ping samples may be obtained from many 
of the State Boards of Health and from 
analysts to whom samples are to be sent. 
The close relation between water sup- 
ply and typhoid fever is now almost uni- 
versally recognized. Observations show 
that cities with exceptionally pure water 
have low annual typhoid death rates and 
that the rates commonly increase with 
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the pollution of the supply. Where the 
typhoid death rate is persistently more 
than from 15 to 20 per 100,000 living 
population the chances are that the 
water supply is not what it should be. 
Of course there m ay be other causes for 
high typhoid rates than polluted water, 
but many of these are likely to be tran- 
sient rather than permanent in character, 
and to give rise to epidemics, instead of 
uniformly high rates. Where vital statis- 
tics are properly kept it is a simple mat- 
ter to determine the typhoid death rate, 
and it should be computed frequently 
and regularly. To the shame of many 
states and cities no properly classified 
records of disease and death are kept. 
The substitution of filtered for crude 
and sewage-polluted water at Lawrence, 
Mass., in 1893, resulted in a marked 
diminution of the typhoid death rate, 
and the same has since been true in 
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many other cities. A notable demoD- 
stration of the relative effects of impure 
and pure water on the typhoid death 
rates has occurred at Newark and Jersey 
City during the past few years. As the 
author of this volume has worked up 
these cases with care for use elsewhere, 
and as they are very instructive, it seems 
proper to quote at some length from the 
article in question.* 

Two cemarkable instanceB of a decrease in 
tjpboid fever following a change from a sewage- 
polluted to a pure water supply have recently 
occarred in Kewark and Jersey City. Both of 
these diJes were for man; years dependent upon 
the Fassaio Biver for their water supply. The 
pumping Btatioas of the two cities were about a 
mile apart, and but a few miles below the cities 
of Faterson and Pasa^o, the sewage of which is 
discharged into the river. Other communities 

•The Kfl'ect ot a 
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contributed more or less to the pollution of tk» 

On April 26, 1893, the city of Newark aban- 
doned the Passaio River and began using water 

brought some 36 miles from the Fequannock 
River bj means of works built by the East 
Jersey Water Co. This stream is one of the 
highland tributaries of the Fassaic, having a 
sparse population in its drainage area. Imme- 
diately after making this change in its source 
of water supply there was a great drop in the 
number of deaths from typhoid fever in Newark, 
but Jersey City, which used the Passaic water 
for about four years longer, continued to hava 
a high mortality from typhoid fever until it 
also changed to the Fequannock supply. 

The accompanying table has been prepared to 
show in detail the eScct of pure water on ty- 
phoid in these two cities. The table has been 
made to cover a period of 11 years or from Juna 
80, 1886, toJuneSO, 1897. in order that it might 
contrast five years of impure wat«r and five 
years of pure water in Newark, leaving the year 
1891-3 to stand by itself. 
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MOKT^LITT FKOM TyPBOID FetIK 

In Jfewark and Jersey Oily Before and After 
Inlrodxteing a I^tre Water Su^ly. 



ly 



H* f4lti 

188T..S,TS( StlM^naS fil GS % 14fl.fl00 8X3,686 

1888. .4,1»! 7«lBB.wa»t « 7B % 191,800 IM 8,360 

188>..4,H8 la ln,2D0 M n 8S 26 ilA,1Qa ISS 4,08S 

1800. .4,«S IM l?«,3a0 18 ICS W » 1Ba.«» IBB 4,SBS 

]80t..i4t0 184 IBUOO M n 101 M 1BB,«» 167 4,380 

18W..IUI41 US1«0,C00«> 81 n 17 inUOO US 4.688 

I8n..4,000 esiHuooM ai es ai it3,7do no iwim 

18e4.,4,T«0 48 101,100 H H. 08 14 181,100 M *jaa 

18H. .4,648 48 9)0,900 SI U 68 34 180,600 174 4,497 

tSN..4^ 01 112,600 29 e» St SS 193,800 1E8 4,407 

1897. .4,488 44 319,100 90 20 19 19 108,300 38 8,730 

Prom this table it Kffpeaix that in Newark 
for the five years when the mpplj- was from 
tfaa pollated Passaic the arerage Dumber of 
deaths from typhoid fever was 70 per 100,000 ol 
population, and that for the flie years after thfi 
change to Pequannock the typhoid mortality 
was only 35 per 100,OpO. 

Jersey City continued to use the foul Passaic 
for over three years aft«r Newark changed to 
the Pequannock, so that its record for three 
years before and after Newark changed can be 
compared with the Newark record lor the same 
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perkid. Doing this, we And that for the three 
jeaiB ending June 30, 18&1, Newark lost 80 per 
100,000 of its citizens from typhoid, and Jersey 
Citj 05. For the three years ending June 30, 
1896, Newark lost but 25, while Jersey City lost 
71 pet 100,000. Doubtless the water supplied 
to Jersey City during the last three-year period 
was actually worse than that furnished pre- 
viously, although the typhoid death rate per 
100,000 was less. This may be accounted for 
bj the fact that the people were better aware 
of their danger in the latter than in the earlier 
period, and, therefore, took more pains to avoid 
the use of the crude Passaic for drinking pur- 
poses, some boiling and others filtering it before 
using, while raany bought mineral or spring 
wat«r. Besides this, it has been suggested that 
in a community using polluted wateryear after 
year, many people became partially or wholly 
immune. Credit should also be given to in- 
creased skill on the part of doctors and nurses 
and increased vigilance on the part of health 
authorities in controlling infectious diseases. 

The Pequannook supply was introduced grad- 
ually in Jersey City, an increasing percentage 
of the total consumption being furnished month 
by month during 1896, until in October the 
Passaic was entirely abandoned. The typhoid 
fever diminished with the decrease in the use 
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o( the Passaic water, as is shown by the lollow- 
ing figures: 



W' ill 



""■"^ III ih 



These figures are all the more striking since 
typhoid fever is generally more prevalent in 
the latter part of the year than at any other time. 

For the year ending June 30, 1897, Jersey 
City used no water from the Passaic River. 
Her typhoid death rate for that year fell to 19 
per 100,000 population, against 20 in Newark. 
For the year ending June 80, 1895, the last fall 
year shown in the record during which Passaic 
water was used, the typhoid death rate in Jersey 
City was 08 per 100,000. The relative number 
of total deaths from typhoid in each of the two 
years was 174 in 1894- 5, and 88 in 1896-7, or a 
decrease of 136. Part of this decrease isdoubt- 
less dae to other causes than improved water 
supply, both Newark and Jersey City showing 
a marked decrease in the last tew years in their 
total mortality rate. Newark has been grad- 
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ually improving in this particular ever since the 
Pequannock supply was introduced. As It has 
now been five years since that event and the ty- 
phoid mortality has kept at a pretty constant 
late, with one exception, ever since, it is only 
fair to give other departments of the city some 
credit for the reduction of the typhoid mortal- 
ity. This seems all the more reasonable, since 
in 1895-6 the typhoid jumped from 21, for the 
two previous years, to 29; while the total mortal- 
ity rate fell one point. Moreover, Jersey City 
showed a decrease in its t«tal death rate before 
the new water supply was introduced. 

Too much stress should not be laid upon the 
minor variations in these figures, for it is a 
well-known fact that mortality returns in this* 
country are atbestquite imperfect, and all pop- 
ulations between census years have to be esti- 
mated. In the present case the geometrical rate 
of increase in population between national cen- 
sus years was used in computing the yearly pop- 
ulations. This method gives a result for the 
year 1886 about 8,000 below the State Census for 
Newark, and 4,000 above that for Jersey City, 
or about 4J less, and Sit greater, respectively. 
These differences have very slight effect upon 
the death rates for 1885, but, of course, the dis- 
crepancy increases as the years go by. The ten- 
dency of these disorepencies is to make a worse 
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showing for Newark, and a better one for Jer- 
sey City than woald otherwise be the case, bnt 
this ia so slight as not to affect in the least the 
main lesson of the table, that pure water ma- 
terially raducea the typhoid death rate of a city. 

The retuma for the year ending June 
30, 1898, show 31 deaths from typhoid 
fever in Newark and 79 in Jersey City; 
al80 total deaths of 3,933 in Newark and 
3,737 in Jersey City respectively. New- 
ark, therefore, improved on all the pre- 
vions years inclnded in the table. Jer- 
sey City, for some reason, did not make 
nearly so good a showing as in the pre- 
ceding year, but it did far better than 
for years before. In the winter of 1898-9, 
it is both interesting and instmctire to 
note that Newark drew small amoants of 
water from the Passaic River daring 
severe cold weather. A sudden rise in 
the amount of typhoid fever followed 
soon after, especially in those sections 
which received the largest proportionate 
amonnts of water from the old source of 
supply. 
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The total number of deaths from ty< 
phoid fever in Newark, ^as 50 in 1902 and 
61 in 1903, ^ving approximate rates per 
100,000 popalatioii of 19 and 23, respect- 
ively. The coixesponding figures for 
Jersey City -were totels of 44 and 36, and 
rates of 20 and 16. 

The examination of treated or purified 
water does not differ essentially from 
that of natural water. Practically the 
same methods aro followed in each case, 
and the results are compared to ascertain 
the degree of purification effected. 
Where the aim is to reduce or remove tur- 
bidity, color, taste, odor, iron or hardness 
it is, of course, a simple matter to deter- 
mine whether the desired end has been 
obtained. If organic pollution is involved 
then the chief concern is the reduction 
in the number of bacteria. 

This raises the poiot : How is the bao- 
terial purification to be judged t We 
have seen that bacterial counts, or nu- 
merical determinations, and not identifi- 
cations of kinds, is all that is practicable. 
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What, then, is the permissible number of 
■bacteria in potable water ? The standards 
are at best quite arbitrary. The aim is to 
have aa few bacteria as possible. In nat- 
ural waters, not subject to sewage pollu- 
tion, the maximnm permissible number 
of bacteria has been placed by various 
authorities at from 100 to 500. Where 
the water is treated, both experiment 
and practice show that property designed 
and operated filters, of either type, will 
remove an average of 97^ to 99^ of all 
the bacteria. Obviously, percentages 
here may not always form a proper stand- 
ard, especially with water high in bac- 
teria. For instance: In water having 
originally 1,000 bacteria per cu. cm. 
there would be only 30 left with a Q7^ 
removal, but water containing 30,000 
bacteria per cu, cm. originally would atill 
have 900 after 97;* had disappeared. It 
is conceivable, also, that a water some 
times in great need of purification, at 
others might be quite satisfactory in its 
natural state, in which latter case insist- 
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ence on removing any fixed percentage of 

the bacteria might be absurd. These 
conBiderationB suggest a standard com- 
posed of both a percentage of removal 
and an absolute number limit, the actual 
figures in each ease varying with local 
conditions. The greater the danger of 
sewage pollution the higher the bacterial 
standard should be. 

The frequency of making analyses is 
also a matter depending largely upon 
local conditions. Even with natural 
waters analysea might well be made at 
least once a month, regardless of the par- 
ity of the supply. Once a week would 
be better and in moat cases would be a 
wise expenditure of money, since it would 
afford a ready means of detecting any 
deterioration in the quality of the water. 
The poorer the water the greater the 
need for close watchfulness and frequent 
analyses, iu order that prompt warnings 
may be given the consumers to boil it or 
avoid its use temporarily. 

Where the water is being treated, an- 



alysea or testa of some sort ahonld be 
made very often, to jndgo accarately and 
continaously of the efiBciency of the pro- 
cess. In addition, separate samples of 
the effluent from each section or unit of 
the plant should he examined, to see 
whether all parte of it are working 
properly. If the pDrification plant is a 
large one daily analyses may be advisable, 
and may help rednce the operating ex- 
penses. This would be the case more 
particularly where chemicals were being 
used, the analyses, or tests of some sort, 
indicating changes in the character of the 
water and the amount or kind of chemi- 
cals needed. The anal^t may also be 
the general superintendent of the purifi- 
cation works, thus tending to reduce the 
expenses. 
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SOME NOTABLE AMERICAN WATER 
LABORATORIES. 

In the early daya of American water- 
■fforka neither chemical, bacterial nor mi- 
crcecopical examinations of water, aa now 
underatood, were thought of, or possible. 
Determinations of the mineral contents 
of water were first made and aobsequently 
chemicfJ methods for estimating organic 
matter were developed. Until recently 
the microscope was used aa a diversion, 
or in the pnninit of natural history, rather 
than as an aid in securing and maintain- 
ing pure water sappliee. Practical re- 
sults from bacterial examinations of water 
were secured, at least in considerable 
numbers, before much had been accom- 
plished in the same field with the micro- 
scope. Alt the earlier work, in each 
field, was done in private laboratories, 
investigators being engaged by cities or 



■water companies as special needs for 
their services made themselves felt. 

Abont 1888 the Massachusetts State 
Board of Health was made responsible 
for the sanitary protection of all the in- 
land waters of the State and established 
the Lawrence Experiment Station to 
study the purification of water and sew- 
age. Thereupon the Board began to 
make water examinations, Hterally by the 
thousand, and has continued the work to 
the present time. In the laboratories o£ 
the Board at Lawrence and at Boston it 
is probably safe to say that more chem- 
ical, bacterial and microsoopioal examin- 
^.tions of water and sewage have been 
xaade since 1888 than elsewhere in the 
■world. 

Perhaps the next most notable city 
laboratory in this country, in point of 
time and amount and character o£ work, 
was the Chestnut Hill laboratory of the 
Boston water-works, taken over, after 
many years of operation, by the Metro- 
politan Water Board. Microscopical 
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work, in particular, was carried on here 
to a great extent. 

Following some years ^ter the Boston 
example, the water department of Brook- 
lyn, now a part of New York, established 
a very complete laboratory at the Mt. 
Prospect reservoir, where the threo 
branches of research discussed in this 
volume have since been pursued. 

The value of the experimental work in. 
water purification at Louisville, Pittshurjf 
and Cincinnati was dependent on tho 
fully equipped and manned laboratories 
estabhshed especially for the purpose in. 
each city. 

A feature of the water purification 
plant built at Albany, N. Y., in 1898-9^ 
is the provision of a laboratory building- 
in the center of the works, a feature. 
since adopted at many purification 
works. 

A number of the State Boards of 

Health, besides Massachusetts, havO' 

chemical and bacteriological laboratories, 

■ either independent or connected with 
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HiG laboratory o{ some insiitutioa or in- 

dividual. 

The first private water company to 
equip a complete laboratory for use in 
•connection with its regular work, so far 
■as the author knows, was the Spring 
-Brook Water Supply Co. of Wilkes- 
!Barre, Pa., which controls a number of 
separate companies and sources of sup- 
ply. This laboratory was established 
jearly in 1899. 

It 18 mot to be expected that every 
-water-works plant in the country will have 
■a well equipped laboratory for making 
water analyses. Many village plants are 
^o small for this and many do not 
^eatly need it, at present. But as time 
^oes on and the significance and value of 
Tarious branches of public health work 
"iecome better known the number of lab- 
oratories for investigations in hygienic 
and sanitary matters will rapidly increase, 
The time has already come when no town 
of 10,000 inhabitants can afEord to be with- 
out the regular services of a chemist and 
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bacteriologist, workuig in either a private 
or public laboratory. The food, especially 
milk, as well as the water supply of all 
villages, towns and cities should be sub- 
jected to frequent and regular examina- 
tion, besides which bacterial cultures 
should be made in connection with diph- 
theria, tuberculosis and other diseases. 
In the smaller towns this work might be 
done by health inspectors, trained in 
some one of our technical schools, now 
growing so rapidly in numbers and ex- 
cellence. For the larger places the whole 
time of one or more competent men are 
needed for water inspection and analysis 
alone. 

There is another phase of municipal 
laboratory work. Several of the recent 
laboratories originally organized for wa- 
ter or sewage examinations are gradually 
coming into extensive use for tests of 
materials and construction and of sup- 
plies. There are cement, asphalt and 
pipe coatings, coal and oil and other 
material to be analyzed, as well as water 
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and sewage, all trith great possibilities o£ 
direct money saving. The two classes 
of work, sanitary and general, may be 
carried on side by side without inter- 
fering with each other. Often both lines 
may thus be made possible where the ex- 
pense of either alone would seem quite 
oat of the question. 

The time has come when it is no longer 
excusable for either public or private 
corporations to go on blindly using or 
abusing the forces of nature and trans- 
gressing the laws of health. En^neer- 
ing, chemistry and biology have been 
developed in a marvelous way during 
tlie past two decades. Their lessons 
are aviulabia to all who will heed them 
and should be neglected by none who 
have the economic and physical welfares 
of whole communities in their keeping. 
Pure water is one of the essentials of 
modem life and he that aids in providing 
it confers comfort and health upon all 
who enjoy it and deserves the thanks of 
man and the blessings of heaven. 
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Vol, I, Rolllnv Stock. With numerous IlKUres, 
dlaKrama, and folding plates. Second Edition. 

lamo, cloth, Itlustratea net, tH.M 

ASHK, 5. "W. Vol. IL BBKlBCerlnx PrellmlBa- 
ries and Direct Current Sub-Stations. Svo, 
cloth. Illustrated net, »3J» 



EleCtrlellTi EhmerlneatBilr ■_ _ _ 

Applied. Fully Illustrated. Svo, cloth, 260 pp. 
In Press. 

AVKINSON, A- A., Prof. (Oklo Unlvaraltr)- Blea. 

trical and Magnetic Calculations, for the use 
Of Electrical Engineers and Artisans, Teach- 
ers, Students and all others Interested in the 
Theory and Application of Electricity and 
MaKnetlam. Second Bditlpn, revised. Svo, 

cloth, Illustrated } net, fl.SO 

— F. Tke EUcnumta of Blectrlo LIKbltns, la- 
Cludins Electric Generation, Measurement, 
Storage and Distribution. Tenth Edition, fully 
revised and new matter added. Illustrated, 

lima, cloth ai.EM 

Tbe Elenenta of Dyaamio BUcetrlelty aad 
Magnetlani. Fourth Edition. 120 illustrations. 
ISmo, cloth •a.«0 



^— F«w«T Tninunltled br Electricity Bad Ita 

AspltCBitlon by the Electric Motor. incIUdlOE 
Electric Railway Conatruction. Fourth Edi- 
tion, (ully revised, new matter added. 12mo, 

cloth, lIluBtrated $3.00 

AUCRIKCLOSS. W. S. Uok MBd Valve Mottoiu 



AYRTON, H. The Blectrtcol Arc. WUb nomer. 

ou> llBures, dlasraniB and plates. 8vo, cloth, 

lllustratsd fS.OO 

BACOX, P. -W. A TrcBtlH on the RIehBrda 

Steam-enEine Indicator, with dlrectlong (or 
Its uae. By Charlea T. Porter. Revised, with 
notea and large addltlong as developed by 
American practice; with an appendix contain- . 
Ing uHefu! formulae and rules for enslneera. 
Illustrated. Fourth Edition. 12ino. cloth, »1.00 
BAILBS, O. H. Hodern HIbIbs Praetlee. A 
Practical Work of Reference on MlnlnK Engi- 
neering-. Complete In five volumea. . Many 
hundred dlagrama and Illustrations. Royal 

8vo, oloth Each, $3.80 

First four voluraes now ready. Fifth vol- 



BAILBY, R. D. The BFewen' ABalyat. A Sya- 

tematlc Hand-Booh of Analysis Relating to 
Brewing and MaltlnfiT, with Interpretation of 
Analyses, Folarscoplcal, Microscopical and Blo~ 
logical WorHs. 133 Illustrations. itS pages. 
Svo, cloth net, |S.oa 

BAKER, Arthnp U, Prat. (CbIt. ot Rock,). ftOB- 
ternlons. Illuntrated. Svo, cloth In Press. 

_— M. Tf. Potable IVater aad Methods ef De- 
tecting Impurities. New Edition, revised and 
largely rewritten. 16mo, cloth. (Van Nos- 
trand'B Science Series) fO.M 

BALE. X. P, FoBiF* aad PoaiplM. 

for Pump Users; 12mo, cloth , . . 



BALL, 9. R. Fiipnlar Galde to the 

■Bi-iss Of eighty-three plates, ma... 

colored and lithographed, with explani 



tory text and Index. Small ito, cloth, lUui. 

net. *4.B0 

_— nataral Sonreea •( Power (Van NoatiBBd'B 
Westminster Series). Illustrated, Se4 pp. Svo, 
cloth net, •a.OO 



SOEMTmc PUBUCATIONS. 
BARB A, 



Applying and 



BAKBA, J. ThF Vac at 8tc«l fai 

Purpoaes. Method of WorklnK, . 
, Testing Plates and Bars. With ,, 

A. L. Holley, C.E. l!mo. cloth Vl.BO 

DARKER, A. H. Gnphlc Methodn of Eadnc 

Design. Including a ar&phlcal Treatment Ot 

the Balancing ol ^nslneB. 12mo. cloth, >l.n 
—A. TextllcB and Their HanataetBre. Sto, 

cloth, (Vati NoBtrand's Westminster Series,) 

In Press. 

BARNARD. F. A, P. Rci^oFt on Macklaerj' aad 

D ,jg, pf (j,g inaugtrlal Arts and Apparotiin 

I Exact Sciences at the Paris Unlvi 



BxpoBltlon, 1S6T. 152 llluscratlona and S fold- 
ing plates, Svo. olath tS-00 

— ■■J. H. The Natal Mllltlanau'a Gnlde. Poll 
leather, pocket size II. SD 

BAnniTR, G. H. Boiler Teatai Bnbraeliis the 
Results of one hundred and Chlrty-s 



;."ofot 



$3.00 

^—Bnsiiie Tealm Bmhraclas the Reaalta at 

ot over one hundred leed-waCer testa and 
other Inveatlgatlona of various kinds ot steam- 
engines, conducted by the author. With nu- 
merous figures, tables, and diagram s. Svo. 

cloth, llluatrated M.M 

The above two purchased together tS.OO 

BAR'W'ISE, S., M,D, (London). The Pnrtflcatloa 

of Sewage, Being a brief account of the Scl- 
enllflc Principles of Sewage Purification and 
their Practical Application, lifmo, cloth. Il- 
lustrated. New Edition net, O. SO 

BATBUDFN, J. R. Tlmher. SS lllaatrattona. 8to, 
cloth, S61 pp. <Van Nostrand'a Westminster 
Series,) net, Ca.OO 

BATBS F- '^ The EJqnlpnHiil ot a Conatrr 

House with Electricity, Beprlnted from the 
Journal of the Franklin Institute. 4fl Illustra- 
tions. Svo. paper, 32 pp to.2S 

BAXTER. WH. J. Coaunatator Conatrnctlon. 

Pamphlet fO.25 

— Snitch boarda. For Power, LIshI and Rail- 
way Service $1.H0 

BBADLR C. Cbaptera on PapermakiBC. In 

Five Volumes. Illustrated, 12mo, cloth. Vol. 
I. 161 pp.; Vol. II, 171 pp.; Vol. in. 134 pp.; 
Vol. IV, 156 pp.; Vol. V. ISS pp. .Each, ^^J,^^^ 



6 V. VAN NOSTRAND COWPANy'3 

■EAPWONT, R. Color ■■ Woven DtMma. With 

82 colored plates and numeroui orlefnal lllua* 
tratlons. targe, 13mo ,7.6, 

~32Y'.^', Practical TceatlM om the Steam-ca. 

■Bine Indicator, and Indicator Dlagrama. With 
notes on Engine Performances, Expansion of 
Steam. Behavior of Steam In Steam-eriKlno 
Cylinders, and on Gas- and Oll-englne Dla. 
^^'"A'^f^^fu"^, Edition, revlBed and enlargad, 
8vo. cloth, illustrated net, f3.M 

BBDBLL. FUBDBRICK. Dlnet aad Altcramttec 

Current -restlnir. ABSiBtefl by Clarence Jt 
Pierce. Illustrated. Svo, cloth, £60 pp. 

net, n.W 
BEECH, P. DyelUB of CottOD Fabric*, A Pra 



leal Handbook for' the Dyer and Student. 
«„,=i„i , recipes for the produ< 



Contalnl _ . „., ^..^ 

tlon of Cotton Fabrics of all hinds, ot a great 



„- -t colors, thus mahing- it of g.cai o=i- 

vloe In the dye-houae, while to the student it Is 
of value in that the scientific principles which 
underlie the operations ot dyeing are clearly- 
laid down. With t* Illustrations of Bleaching 
and Dyeing Machinery. Svo, cloth. Illustrated. 
net, ta.OQ 

-^— Drelag ot Woolen Fabrioa. With diagrams 

' and ngures. Svo, cloth, illustrated ..net, ts.cto 

BECKWITH, A. Polterr. Observotloai on th« 
Materials and Manu/acture of Terra-cotta, 
Stoneware. Flrebrlclt. Porcelain, Earthenware, 
Brtck, Majolica, and Encaustic Tiles. Second 
Edition. 8vo. paper SO.Mt 

BBGTRUP, J., M.E. The Slide Valve nnil Ita' 
Functions. With Special Reference to Modern 
Practice In the United States. With numerous 
dtagrams and figures. Svo, cloth fZ.M 

BENNETT, HUGH G, Tbe Haitnfactarc of 
Leather, 110 Illustrations. Svo, cloth, 13S pp. 
net, $4.5* 

Be;RIVTHSB:k, a. a Test-book of Organle 
Chenilstry, Translated by George M'Gdwan, 
Ph.D. Fifth English Edition, revised and ei- 
tendcd by author and translator. Illustrated. 
12ino, cloth net, t2.(W 

BERRV, W. J.. Prof. 4P<ilTtechate Innt. Brook- 
lyn). DlKerenllHl Eouattona of the First Spe- 
cies. 12mo, cloth, illus In Press. 

qERSCH, J„ Dr. MaBafactnre of Mineral and 
Ijake Figments, Containing dlreotlfinp, ,f ftr thft 
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manuCacture of all artillclal ar.tlata' anil paint- 
era' colors, enamct colors, aoot and metaUio 
pigments. A text-bouk for Manufacturer^ 
MerchantB, Artiata and palntera. Translated 
from the second revised edition by Arthur Q, 
Wrisht, M.A. Svo. cloth, Illustrated, net. W.M 

BBRTIN, L. B. Marine Btrilent Tbeir Cbnslmc- 
tlon and Worklns. dealing; more especially 
with Tubulous Boilers. Translated by Leslla 
8. Robertson, Aasor. M. Inst. C. B., M. I. Mech. 
B., M.I.N.A., containing upward of SEO lllua- 
tratlons. Preface by Sir William Whlt^ 

■ K.C.B., F.R.S,, Director oC Naval Conatructlon 
to the Admiralty, and Assistant Controller of 
the Navy. Second Edition, revised and en- 
larged. Svo. cloth, Illustrated net. ^.M 

BBVERIDGB, J. PapeniakeT'a Foekat ^inOc 
Specially compiled for paper mill operative*. 



'Xce 



Third Edition, revised and enlarged. 



Bians, C. H. W. First Principles of Blectrldtr 

and Magnetism. A book for beginners In 
practical work, contaijiInK a good deal at 
useful information not usually to be toUnd In 
similar books. With numerous tables and 343 
diagrams a>id tigures. 12mo, cloth. Illus- 
trated ta.M 

BINNS, C. P. Cernmic TeehBslazy. BeInK Soma 
Aspects of Technical Science as applied to 
Pott'sry Uanufacture. Evo. cloth net, »S.M 

Mannal at Practical Potting. 

Experts. T ■ ■ 

8vo. cloth . 

-^The Poller's Craft. A practical galde for Iha 
studio and workshop. Illustrated, IZmo, clotb. 

BIBCIIMORE, W. H„ Dr. How to Tm a Omu 

Analysis. 12mo. cloth, illus.. 75 pp. ..net, «1.3S 
BLAINE, ROBEIRT G. Tbe Calcain* and Its Ap- 
plications. A practical treatise for beginners, 
especially engineering atudenta. 79 llluatra- 

tlons. ISmo, cloth, 320 pp net, ».«• 

BLAKE:, W. H. Breivfr'* Vade Hecnm. WItk 
Tables and marginal reference notea. Svo, 

cloth net, 94..M 

— W. p. Rrport npan tli# Precious Metals. Be- 
ing Statlstlcfxl Notices of the Principal Qold 
and Sliver producing regions of the world, rep- 
resented at the Paris Universal Bxpositlon. 
Svo, cloth ,.....i^,,,^.,«;0» 



BLIGH, W. Q. Th« Practical Deilvn of Iirlsa- 

tlon Worka. With numerous tables, Hgurea 
and lowing dlagrraniH, Illustrated. 8vo, cloth, 

SID pp net, f6.00 

BLYTH, A. W.. M.R.C.S., F.C.S. Foodai Tbclr 

use o{ Analytical Chemists, with an Introduc- 

: tory Eaaay on the Htatory ot Adulterations. 
With numerous tables and lllustrattona. Fifth 
Edition, thoroughly revlaed, enlarged ajid re- 
written. Svo, cloth 97. n 

— — H.R.C.S., F.C.S., Polxoiiai Their lEffceta and 
Detection. A Malnual tor the use of Analytical 
Chemists and Experts, wtth an Introductory 
Esaay on the Growth of Modern ToxiooloKy. 
New Edition net, $7 .S» 

BOOlAfANN, F. Cclmioldt no Raw Material, 
Manufacture, Properties and Uses. A hand- 
book for manufacturers of celluloid and cellu- 
" " "a and all Induatrlea using celluloid, 
" '.8 and teeth specialists. 49 II' 
mo. cloth. 120 pp net, «3.00 

BODMEIR. O, n. Hrdranllc Motors and Tarblaea. 

atuflentB, Third Edition, reviaed and enlargred. 

With 192 illustrations. 12mo, cloth «9.0D 

BOILEAU, J. T. A New and Complete Bel of 

Traverse Tables, ahowtne the Difference of 
Latitude and Departure of every minute of the 
Quadrant and to five placea of decimals. Bvo, 



cloth . 

', G. B. The Elect 



BONNBV, G. K. The Electro-platen' Uandbaok, 

A Manual for Amateurs and Toung Students 



BOOTH, W. B. Water SorienlBK and Treatment, 

Condensing Plant, Feed Pumps, and Heaters 
for Steam Users and Manufacturera. 8vo, 

cloth, IHuatrated net. Sl.SB 

Snperheatera and Snperheatlas: and Their . 
Control. Svo, cloth, illustrated net, HJM 

BOTOTHGIR. A. Craae-i Their Conalmctloa, Me- 
chanical Equipment and Working'. Traualated 
and Supplemented with English American and 
Continental Practice by A. Tolhausen. With 
6«0 llluatratlona, 41 tablea and 63 folding 
plates. SIT pp., ItO, cloth net, flOJW 

BOTTONE, 8. R. MsKBetoa for Aofoaaobllen. 
How Made and How Used. 34 Illustrations, 
limo, cloth, 8S pp net, fl-Ot 



SClBNTieiC PtfBLICAXIONS. 



reatlae on Ceramic ludmlrlca 



Works. Translated. __ , 

ton P. nix. With 823 flgures and illust 



Wood or Iron. IBS lllua. 8vo, 
Howie:, AVG. J., Jr., H.EL a PrnctlCBl TrvBtlne 

on Hydraulic Mining in California, With De- 
scription of the Use and Construction of 
illtchea, FIumBB, Wroug-ht-iron Pipes and 
Dams; Flow of Water on Heavy c---"— — •" 

'■- ' — "—.blllty, under High Pressu. 

1 Edition. Sman quarto, cloth. II- 



a Applicability, under High Pressure, l 

T. Ninth Edition. Sman (( '-' 

t rated . 



BOWKER, Wni. R. D^-namo. Motor anB Swltrb- 

hoard circuits. Fur Electrical EiiglneerB. A 

B radical book, dealing with the subjact of 
Irect, Alternating, and Polyphase Currents. 
With over 100 diagrams and engravings. Sec- 
ond Bdltlon, revised and enlarged, tlvo. cloth. 
net, ta£a 

SOWSEIR, E. A., Prof. An Glementan TreadH 
on Analytic Geometry. Embracing Plane Qe- 
ometry, and an Introduction to Qeometry of 
three Dlmenalona. Twenty-flrat Edition. 12 mo, 
cloth »1. JB 

Aa Bleawntarr Treatise on the DUIerealtal 

and Integral Calculus. With numerous ej- 
amplea. Twenty-tlrst Edition. Bnlarged by 
fi40 additional examples. lEmo. cloth ...«a.35 

An Elementary Treatise on Analytle Meohan- 

Ica. With numerous examples. Twentieth Edi- 
tion. 12mo, cloth fS.M 



Ise OD Rootit and Bridget, n^lth 

Exerclaea, especially adapted for 
12mo, cloth. Illustrated, Bet, S3. US 



BOYCOTT, G. W. L 

Diving. A handbook lor engineers, comprising 
deep water diving and the use of compreaaed 
air for alnklng calsaona and oyllndera and for 
driving subaqueoua tunnela. ntustrated. 8vo, 
cloth, 128 pp net f4.M 

BRAGG, BD'WARD H. Marine Kncfne Dealgn. 

Illustraited. ]3mo, cloth, ICO pp In Preas. 



10 B. TAX MOSnAXD coMrjon't 

BRAItSFT'l Wand AaMUl for tM». BWHcfl kr 

T. A. Braaiey: With numeroua full-paK* dU- 

KKma, b&lf-tona llluatratloni And tables, 
renty-thfrd year of publication. 8to, cloth. 
Illiutrated tiat, SB.M 

BKIQHTi CHARLBa. 

Charlea TILxm Brlfc-., „.^... 

which l« iQcorporated 'The Btai? ot the At- 
lantic Cable" and "The Flrat Telegrapb to In- 
dia and the Colonies," Revised and Abridged 
Edition. Illustrated. Sto, cloth, 490 pp. 

net, UJBO 

British StaBdard Seotloiu.. luscd hr the ESn- 
KlneerlDE Standards CommlttSB, Supported by 
The Institution of Civil Bnstneers, The Initl- 
tutton ol Mechanical Engineers, The Institu- 
tion of Naval Architects, The Iran and Steel 
Institute, and The Institution of ElectrlcsJ 
Enslneert. Camprlslng ) plates of diagrams, 
with letter-press and tablet. Oblong pam- 
phlet, g fixiB $1,00 

BBOWir, (IB RAKBTTBT, K.O.BL6. IrrlcetiOBi 

Its Principles and Practice as a Branch of 
HnfineerltiK. 8vo, cloth, 301 pp. Iilus., net. fS.oo 

-^— 'WH. It. The AM of* BnamelllnK oa 
Heta). With flsursa and illustrations. IZmo, 
cloth, Illustrated net, (l.OO 



TTaaffhnnh oa Japwuda# aad jubuvicuuw, u>r 

Cycles, Bedsteads, Tinware, etc ISmo, cloth. 
Illustrated net, n-BO 

^— Bonaa Deeonttiur >nd Palatlac. IVIth Hv- 

merous illustrations, limo, cloth, nat,$I.BO 

^— Blatvry Of D«e«iatl*a Art. "WUli Daslcna 

and Illustrations. ISmo, cloth net, VI. IS 

•.—Principle and Fnictlee of Dipping, Bnnfah- 

Ins, I^AQuerlnc and Bromine Brass ware. 
ItSlo, oloth net. ft.OO 

•-••— W«skah«p_WriBklea for Deooratora, Faint- 

V*, P«per%»DBers and Others, gvo, oloth. 
7......... net, fLM 

BBVOH. B. M- Pivf, Pwre Food Testai the Of 
*"""> of the Common Adulteranta of Fooda 



teotlon of the Common Adulteranta of Fooda 
by Simple Qualitative Teats. A ready manual 
for Ptarslolan*. Health Ofllcers, Food Inspect- 
ors, Cnemlstry Teaohers, and all especially 
Interested in the Inspeotlon ol Food. 12mo. 
elotta. lUoatrattd net, fUi 



scmmnc fubucatioks. 

BBUHNS, D>. Hew Hmi«b1 Of. IiOCBili 



_ _. . ! for the preparation of all kind* 

ijF lubrlcEintB, such as axle and inochineiT 
Kreases, otia for lubricating sewlns machlnea, 
and other working machinery, mineral lubrl* 
catlnK olls> clockmakers' olla, as well aa ahoe 

_-...t— ,—.1,.- ..V— flreaalnes for all 

. = Translated from 

, „ — ) German edition by Chas. 

Salter. Svo, cloth. Illustrated net, fS.M 

BCI-HAN, H, F., and RBDKATNB, R. B. A. Csl- 
llery Worklngr and Management; comprising 



K colliery manager, the suDerln- 
1 of Tab ' 



„ -J Tabor and wages, 

and the d liferent systems of working coal- 
seams. With enKravlngs, diagrams, and ta- 
bles. Second Edition, revised and enlarged. 
Svo, clotb. Illustrated net, H.M 

BURGH, N, P. Modem Marine BngtiiccTUiK, Ap- 
plied to Paddle and Screw Propulsion. Con- 
■Istlng of SB .colored plates, 259 practical 
woodcut Illustrations and 403 pages of descrip- 
tive matter. The whole being an exposition 
of the present practice of James Watt & Co., 
J. & Q. Rennle, R. Napier & Sons, and other 
celebrated firms. Thick quarto, halt morocco. 
flO.OO 

BITRT, W, A. Key to the Solar CompaiM, and 
Surveyor's Companion. Comprising all the 
rules necessary for use In the field; also da- 
Bcrlptlon of the Linear Surveys and Publlo 
Land System of the United States, Notes on 
the Barometer, Suggestions for an Outfit for 
a Survey of Four Months, etc. Sighth Bdltlon. 
Pocket size, full leather «2.B0 



Arches aad < 

Itlon, revised ai 
trand Helena* ^wles) ^..,.(^^_S 
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OAHPIN, F. Ob tfae CsuMrBcMoB of Iiwn floota. 

A Theoretical and Practical Treat Ho, with 
woodcuts and plates ol roafa recently execu- 
ted. Bvo. cloth V9.M 

CARPENTER, Prof. ». <%, and DIESDERICHS, 
Prof. H. Internal Combuatlon Engines. With 
flKures and dlasrame. 8vo, cloth, Illustrated. 
net M.OO 

CARTER, E. T. Hotlre Poner ana QeaiUtK for 
Electrical Machinery. A treatise on the Theory 
and Practice o( the Mechanical Equipment or 
Power Stations for Electrical Supply and tor 
Electric Traction. Second Edition, revised In 
part by Q. Thomas-Davlea. Svo, Cloth, lUuB- 
tratad *S.OO 

CATHCART, Wm. t.., Prot. Maeklne DealBrn. 
Part I. FaatenlnES. Svo, cloth. Illustrated. 
n«t, fS.OO 

Loss of Heal from Strnm Flpea. Svo, clotb. 

Illustrated In FrwuL 

a nd CHAFVBb:, J. T, Canrse of GrapUe 
Statics Applied to Mechanical EuKlneerlng. 
Svo, Cloth. Illue In PresB. 

CATEVT, R. H~ and I,ANDSSR,.0. ». SrateBBtle 
Inorganic Chemistry from the Standpoint of 
the Periodic Law. A text-hook for advanced 
students. 3T4 pp.. Illustrated, 12mo. ctoth. 



New Edition. Svo, cloth H.TB 



CHARFBNTIRR, P. Timber.. A Conpreheaalve 

Study ol Wood In all Ita Aspects. Commercial 
and Botanical. Showing- the Dtllerent Appli- 
cations and ITsea of Timber in Various Trades, 
rto. Translated into BnsliEh, Syo, cloth. 



CHATLBY, H. Prlnelnlea and DcalsBa •( Aero- 
planes, with G foldInK plates. Itmo, cloth, 11- 

, luBtrated In Preaa 

.D. C. T. Tke Hott >nd Wby of Hlectnctty. 
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the operation of Blactrlctil Apparatus. 8vo. 

cloth, Uluatrated M.OO 

CRRISTIS:, W. -W. Baller-nat«n, Scale, Corro- 
sion, Foaming. 8vo, cloth, llluBtratefl, net, fS.OO 

7 DeilKD aiid Theorr. A Book for 

■:nglneerH ana Architects, with numerous halt- 
Lone llluBtratlons and plates of famous chim- 
neys. Second Edition, revised. 8vo. cloth, fS.OO 

Farnace Drafli Its Prodncdali br Hecbanleal 

Methods. A Handy Reference Book, with tlg- 
urpB and tables, lEmo, cloth, lllustrateCI. (Van 
Nostrand-B Science Series) W SO 

CHURCH'S LABORATORY GVIDEii a Hanoal at 

Practical Chemistry for Colleges and Schools, 
specially arranged (or Agricultural Students. 
Eighth Edition, revised and party rewrlttm 
by Edward Klnch, F.I.C. 8vo,_cfoth, Illustrated. 

CLAPPBRTON, G. Praettcal Faper-maklnK'. A 

Manual (or Paper^makers and Owners and 
Managers of Paper Mills, to which Is appended' 
useful tables, calculations, data, etc., with Il- 
lustrations reproduced from micro -photo- 
graphs. Second Edition, revised and enlarged, 
Svo. cloth, Illustrated, Z2fl pp net, K-SO 

CLARK, C. H.- Marine Gaa EtaclBeB, ^elr Coa- 
structlon and Management In Press. 

D. K., C. B. A Haanal of Rnlra, Tablea 

and Data lor Mechanical Engineers. Based on 
the most recent Invest Igatlons. Illustrated 
with numerous diagrams. 1D12 pages. Svo, 
cloth. Sixth Edition $S.OO 

• — I. Fneli lt» ComlrastlaB and SSconomTi conslit- 
Ing of abridgments of Treatise on the Com- 
bustion of Coal. By C. W. Williams, and the 
Economy of Fuel, by T, S. Prldeaux. With ex- 
tensive additions in recent practice In the 
Combustion and Economy of Fuel, Coal, Coke, 
" Wood, Peat, Petroleum, etc. Fourth Edition. 
12mo, cloth CI, 50 

TbF Hccfanalcal BaslneeVa Pocket-book of 

Tables, Formulae, Rules and Data. A Handy 
Booli of Reference for Dally Use In Eng-lnaer-' 
ing practice. 12mo, cloth. Slitth Edition, 
carefully reslsed throughout VE.OO 

Tramwayai Their GonatmetloB and 'WorklBa:, 

Embracing a comprehensive history of the 
system, with Accounts of tbe rnrlous modes of 
traction, a description of the TftrleUt^.o^.r^lI- 
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Ing ttock. and ample details of Coat and 
working Bxpensea. Seoonfl Edition, re-nrltten 
and ffreatly onlargaa. with upwards ol 400 i!- 

luBtratlons. Thick 8vo. cloth fT.DO 

„ J. M. New Sratem of I,BrtBB Out HaUwar 
Turnouts Instantly, by Inapeotlon Irom tables. 
ISmo, cloth VI. 00 

OL AtrSH W-TH U K , 'W. The ABC ValTeraal 

Commercial £:iectrlc TeleKraphlc Code; spe- 
■clally adapted (or the use of Flnanclors, Mer- 
chants, Shlp-ownara, Brokers. Aerents, etc. 

Fourth Ealtlon. 8vo, cloth VB.OO 

Fifth Edition ol same V7.D0 



fo^oS{ 



A 1 Unlvenal Cniiunerclal Blectrlc 

■■ " " " pag'es and : 



OaO variations. Bvo, cloth CT.oa 

OLnBHANN, T.. M, Tbe Railroad Einsincer^ 

Practice. Being a Short but Complete De- 
'-•'-■ n of the Duties of the TounK Engineer 



fSl 



.- - .ellmlnary and Location Surveys and 1.. 
Construction. Fourth Edition, revised and 
enlarged. Illustrated. lEmo, cloth ....tl.tHl 

OLBVENGBR, S. R. A Treatise on Ihe Method 
of Government Surveying as prescribed by the 
IT. S. Congress and Commlaaloner of the Qen- 
eral Land Office, with complete Mathematical. 
Astronomical, and Practical Instructions for 
the use of the United States Surveyors in the 
fleld. llmo, morocco «2.B0 

CLOUTH, V. Rabbei, Gatta-Pereka, and Batata. 
First EngllBb Translation with Additions and 
Emendations by the Author. With numerous 
flgures, tables, diagrams, and folding plates. 
Svo, cloth, Illustrated net, fS.OO 

COFFIN, J. H. O., Frol. Narlgatlon and Nantleal 
Astronomy, Prepared for the use of the U. S. 
Naval Academy. New Edition. Revised by 
Commander Charles Belknap. G3 woodcut 11- 
luetratlons. IZmo, cloth net, tS.Vt 

COLB. K. 9., H-A. A Treatise oa PhotonavUe 
Optics. Being an account of the Prlncfples of 
Optics, so far as they apply to photography. 
l£mo, cloth, lOS urns, and folding plates, n.BO 
' COLDS-FINCH, ^W. Water, Ita Origin and Vaa. 
Elaborately Illustrated. Svo, cloth. GIO pp. 
net, WLM 

COUilNB, J. B. The Private Baok of irscfnl 
Alloya and Memoranda for Ooldamitha, JaweU 
•ra, ate, Umo. Olatb ^^.„.,..9».t• 



SaXKTDIC eOHJCATlQirS. 



glne. 8vo, cloth, llluatrated In PreM. 

COLTIH, FRED H. AnerlesB CaBWVBB' I-oeo- 

motlvea. 8vo, cloth VI. M 

—^Motion*, Iilakib Talvea a>d TalTe Bttttng. 

Pocket aize *0.B0 

— Poefcetboot. The RallroadU A «alek refer* 

ence Cyclopedic of Railroad InformatlOD. VLM 

Taper*, TamlBc and BarlBK- Pamphlet. fO.SS 
aad CHENBT, W. I.. Artthinetlc, HacMae 

Shop. 4tb «d. Pocket Blze 90.60 

— — Artttamctlc, KnclneerB. Poeket Book eoa- 
talnlng the (oundatfon principle! Involved In 
maklnK eueli calculations as come Into tb« 
practical work of the Stationary Enffln- 
eor, ao.M 

—and STABBL. TbreaOa nnd Tkread Oattlu. 
Pamphlet •»T» 

COMPTOIT, Prof. A. G. Xla>Ine Lattacii. lOm- 
trated. Svo, cloth In Ptom. 

OOOPBB, VC. R., H.A. Frtnarr Batterleei TheU 
Construction and Dae. With numoroue dsurea 
and diasrautB. 8vo, cloth, lliuatrated, net, V4.M 

— --'Tbe BlectnclBS" Prlmerai lirliia a aerlea of 
helpful Primers on Electrical 8 



e of StudentB, Pupils, Artisans, and General 
^..itaders. Three volumea complete In one. 
Thick Svo, cloth, lliuatrated V5.00 



OOPPUHTll W ATTE, ^'m. O. Tannel BUelda, and 

the Dae of Compreaaed Air In Bubaaueoua 
Works. With numerous diasrams and flsures. 
4to, cloth. Illustrated net, ys.OO 



OOBSY, H. T. 'Water Hnpplr I , _. _ 

lustrated In PreM. 

COHKWAIJj, H. B„ PtoL Haaool af Blaw-nlpe 

Analysla, Qualitative and Quantitative. With 



a Complete System of Determinative Mlneraj- 

ocy- Svo, cloth, with many lUuatrattons, $a.tt 

COWBI^L, W. B. Pore Air, Oaoae and Water. A 

Practical Treatise of their UtfUiaUon and 



In Oil, Qreaae, Soap, Faint, Olu* and 
uiuoi Induatrles. With tables and Qsurea. 

12mo, cloth, iUuatrated net, fl.M 

OKAini, W, B. HasfaeeilaKi AaierleaB ItatloB- 



■VO, Alolh «S.M 



1L VJM HOBimAin) OOMMlfY'fl 



Practical Exposition of the Art. 
BDKlneers, Students, and others .^..^ 
the Installation or Operation of ^.^^^..^^l 
Plants. Vol. I. The Generating Plant. New 
Edition, tborouKnly revlEad and rewritten. 

ivo. cloth. Illustrated fS.OO 

Vol. II. JXstrlbutlnK Systems aud Liamps. 
Filth Edition. 8vo, cloth. Illustrated ..fS.OO 
CROCKEIR, F. B., and ARBNDT, M. Bleetrle Mo- 
tors, Their Action. Control and AopUcatlon. 
Illustrated. Svo, cioth In Press. 



tors." 12nio, cloth, Illustrated net, (l.oo 

CROSS, C. F., RBVAK, B. J., >Bd SINOALL, R. W. 

Wood Pulp and Its Applications. 8vo. cloth. 

' "'s Westminster Series) .In PreM. 

tectlvei At- 

„ , t Architects 

and DraUKhtsmen, and of Art Students pre- 

SarlnK tor the elementary examination of the 
clence and Art Department, South Kenslng-- 
ton. With numerous full-pa^e plates and dia- 
grams. 8vo, cloth. Illustrated fL.OO 

■ ■ mna THAW, J. AdTsnced FenpectlTe. In- 

volvlnK the OrawlnK of Ohjects when placed 
In Oblique Positions Shadows and Reflections. 
Arransed to meet the requirements of Archi- 



1 and diagrams. Svo. cloth. lUue. Sl-BO 

DALBY, H. A. TralB Role* and DcapBtelilBK, 

Leather. Pocket size n-M 

Tile Book. Kb HUtOT and 

!E8 pp. lUuBtrated. Svo, cloth. 

net, n,OU 

MaoEilaery fvr Met alii ferons 



and Mining. Slslh Edition, thoroughly r 



ana lujaiug- aiTCiii D,uiiiuii. 
and much enlarged, by . hti 



SCIINTinc PUBLICATIONS. 
Elleeirlc Foner >nd TmelloD. 



o 3 of PlBton Constants complied 

by W, H, Powler. 12mo, cloth. 136 lUustrft- 

tions «2.(M 

DGITE:, Dr. C. JlannBl of SoapmsklnKi Inclnd- 

Ing medicated soaps, stain -removing soapB, 
metal poUshlne soapB. soap powders and de- 
terEentB. With a treatise on perfumes for 
scented soaps, and their production and testa 
for purity and strength. Edited from the taxi 
of numerous eitpertfl. Translated from the 
original by S. I. King, P.C.S. 4to, cloth. 11- 



DB LA COtJX, H. The Ii 



DBKurV, G. A. Deep-level Mines of the Band!, 

and their future development, consider-' ' 



folding 
Loth. IN 

:. vio.oo 



, cloth. Illustrated. 
net, fS.M 

Partflcatlou of SenaKe and Water. With 

tables, engravings, and roldlng plates. Third 
Edition, revised and enlarged. Svo, cloth. 11- 
lus. and numerous folding plates VS.BO 

DIETERICH. K. ABBlmls of ResiBs, Balsnins, 
and Gum Reains: their Chemistry and Pharma- 
oognosls. For the use of the Scientific and 
Technical Research Chemist. With a Bibllog- 
raahy. Translated from the German, by Chas, 
Salter. 8vo, cloth net, *3.IM> 

DINGEH, H, C, Lieut., 1T.S.N. Handbook for the 
Care and Operation of Naval Machinery. 12mo, 
cloth, illustrated net. $3.00 

DIXON, D, B. The Machlnjat'a and Steam En- 
Ktneer'B Praicticftl CftteulMor. A Comidtdtlon 



IS D. TAir MOSIKAND ODHPAMY'S 

of Useful Rules ana ProblemB arithmetlcalljr 

iolved, tOKethar with General Information ap- 
pllcftblo to Shop-tools, Mlll-g-earlng, Pulleys 
and Shafts, Steam-boilera and Bnglnes. Em- 
bracing valuable Tables and Inatructlona In 
Screw-cut tin?. Valve and Link Motion, etc. 
Fourth Edition. 16mo, full morocco, pocket 
form I1.2B 

DOBLD, IX. A. Puner Plant Coiutmcdon on the 

Paolflc Coast In press. 

DODD. Geo. Dlctlonncy of UaBufacturea, HIb- 

ing. Machinery, and the Industrial Arts. 12mo, 
cloth «1 .00 

DORR, B. F. The SarreyoT'ii Guide and Pocket 
Table-book. Fifth Edition, thoroughly revised 
and greatly extended. With a second appendix 
up to date. Itlmo, morocco flaps VS. 00 

DRAPBR, C. H. An Eleoientary Text-book of 
Light. Heat and Sound, with Numerous Ex- 
amples. Fourth Edition. 12mo, cloth. Illus- 
trated ?1.00 

Heat and the Principles of Ttacrma-dyiisni- 

IcB. With many illustrations and numerical 
examples. 12mo, cloth (1.00 

DUCKWALL, E. W. CannlnK and Preiervlns of 
Food Products with BaeterTo logical Technique. 
A practical and sclentlflc handbook for Manu- 
facturers of Food Products, BacterloloBlats, 
Chemists, and Students of Foofl Problems. 
Also for Processors and Managers of Food 
Product Manufactories. With flgures, tables, 
and half-tones. Svo. cloth. Illustrated. 
net, as. 00 

DDTHIIC, A. I,. DecoTHttve GiaM Proceaaea. SS 
Illustrations, Svo, cloth, 379 pp. (Van Noa- 
trand'B Westminster Series.) net, «2.00 



, Illustrations. 
BCCLBS, R. G. <I>r.>, «nd DUCKWALL, K. W. 



Food Preservatlvest their Advantages and 
Proper Use; The Practical versus the Theo- 
retical 81da of the Pure Food Problem. Svo, 

cioui ." m I ^ 1 1 ^ \' I m .'.* I ) ." ^' ; i m : .' : ; 'M'.o* 



■cutNTiric pubucahdms. 



Graphical Statics, a New General Method In 
Graphical Statlca, and tlia Theory of Internal 
Stress In Graphical Statics. 8vo, cloth. fl.DO 



cloth ai.Bo 



KISSLBR, M. The HetaHnrKr ot Gold. A Prac- 
tical Treatise on the MetaflurKlcal Treatment 
ol Qold-bearlnK Orea, Including the ProceHses 
~[ Concentration and Cblorlnation, and the As- 



aaTlng, Melting and Beflntng ot Gold. Fifth 

Edltlr- - ■ - -" 

!00 11 

Svo, cloth 



, revised and ereatly enlarged. 






Tbe HydEo-MetallnrsT «f Oovper. Belns ■> 

Account ol proceaaes adopted in the Hydro- 
met all urglcal Treatment of Cuprlterous Ores, 
Including the Manufacture of Copper Vitriol. 
With chapters on the aources of Bupp ly of 
Copper and the Eoaatlng of Copper Ores. With 
numerous dlagrrams and figures. Svo, cloth, 
illustrated net, «4.B0 

^— Tbe UetaUorrr ot Silver. A. Prsetleal 
Treatlae on tbe Amalgamation, Roasting and 
Lixlvlatlon of Silver Ores. Including the Ah- 
saylng. Melting and Rellnlng of Silver Bullion. 
Illustrated. Second Edition, enlarged. 8vo. 
cloth H'OO 

~—rFhe MetsllnTBrr ot ATgentlferona I.end. A 
Practical TreatfBe on the Smelting ot Silver- 
Lead Ores and the Refining of Lead Bullion. 
Including Reports on Various Smelting Estab- 
lishments and Descriptions of Modern Smelt- 
ing Furnaces and Plants In Europe and Amer- 
ica. Illustrated. Svo, cloth SO.M 

IB of Gold 

._. .^^^ _.. ...e Witwat- 

crarand Uold fields In South Africa. Third 
Edition, revised and enlarged. Illustrations 
and folding plateB. Svo, cloth »8-W 

— ~ A Handbook on Modem Bsplaaiven. Belnr ■ 
Practical Treatise on the Manufacturg and Use 
of Dynamite, Gun-cotton, Nitroglycerine, and 
Other Explosive Compounds. Including the 
nianulaotura of Col lodi on-cotton, with cb«p- 



D. VAN NOSTSAKD COMPANY'S 



tera on Bxploslvss In Fra.ctlcB.1 Acpllcation. 
Second Edltfon, enlarged with ISO Illustrations. 
12mo, cloth VS-OO 

EKIN. T. C. Water Pljip imd Scnase TtinchaTKc 
DlBgrams. G large folding plates. Folio, cloth, 
24 pp riet, W.TO 

ELIOT, C. W., and STORBR. F. H. A Compen- 
ijlous Manual of Qualltat'.F- Chemical Analy- 
sis. Revised with the 1:0 ;'aoratlon of the au- 
thors, by Prof. William II. K.chola. Illustrated. 
Twentieth Edition, ncivly luvlsed by Prof. W. 
B, Lindsay. I2mo, cloth net, fl.SCE 

BLLIOT, C. a., Hnj. KtiropeHii Llcht-hoiue 
Systems. Being a Kepoct ol a Tour of Inapeo- 
tlon made In 1ET3. SI enKi-avlnga and 21 
woodcuts. 8va, cloth VS. 00 

BNGSTROH, D. A. Tables, BeTel Scar. A col- 
lection of Tables to enable anyone to figure 
bevel gears without the use of Trigonometry. 
Cloth •1.00 

E}NNIS, -WW. O., Prof. (P«lTlt.:iulc lutttnle 
Brooklyn). Unseed Oil and OCier Seed Oils. 
An Industrial Manual. Svo, clotn, llluatrated. 
net, «4.00 

—Applied TkemtodynaDilca, Svo, eloth. Ulna* 
trated In Press. 

BRFURT, J. DyelBK of Paper Pulp. A FnctleBl 
Treatise for the use of papar-rnakers, paper- 
stainers, students and others. With Illustra- 
tions and 16T patterns of paper dyed In the 
pulp, with formulas for each. Translated Into 
Engiiah and edited, with additions, by Julius 
Hubner, F.C.S. Svo, cloth, illustrated, net, »7.l» 

ERSKINE-MCRRAY, JAMES. A HBBdbaak of 
Wireless Telegraphy; Its Theory and Practice. 
For the use of Electrical Engineers, Students, 
and Operators. Second Edition, Revised and 
Enlarged. Svo. cloth, lUuatrated net. •8.00 

BPTAirs, C. A. MaendHmlsed Road*) Their Con- 
struction and Maintenance net, «2.(H1 

EIWING, A. J., Pruf. Tbe HaKnetlc IndDction In 
Iron and other metals. Third Edition, revised. 
159 Illustrations. Svo, cloth M.OO 



Distribution 'and' Properties. 12n]0. clotti, fl.OO 
Notes* OB Pottery Clayai The DtstrlbntlOD, 

Properties, Uses and Analysis of Ball Clava. 
China Clays and China Stone. With tables 
and formulae. ISmo. cloth CLSO 



_. T. A PradlMl TrcBtlm on Ht- 

dra.ullc and Water-supply Engrlneerlne. Ke- 
latlng to the Hyiirology. Hydro-aynarrncs and 
Practical Construction ol Water-works In 
North America. 180 lllus, Svo, cloth. Sii- 
teenth EdUian. revised, enlarged, and new 
tables and illustrations added. 650 pp, VS.ao 

B-ATITH, P. The MODD la Modera A>ti«>om]r. 
A summary of twenty years selenographia 
work and a study of reeent problamB. Trana- 
lated by Joseph McCabe, with an iDtroductlon 
by J. E. Gore. e« lllustcations. Svo, cloth. 
160 pp net, $aMt 

FAV, I. W., Prof. (Polyteehnlc Iital. BrooUra). 
The Coal-tar Colors; Their Orisln and Chem- 
istry. 8vo, cloth, Illustrated In Press. 

FERNBACH, R. L. Glae Bad Gelatlaet a Prac- 
tical Treatise on the Methods of Testing and 
Use. Svo, cloth net. $8.00 

riSB, J. C. L. lietterlDK of Worklas DnnvInK*. 
Thirteen plates, with deacriptlvo text. Oblongr, 
»xl2U, boards tLOO 

FISHBR, H. K. C. and DARBY, W. C. StBaents' 
Guide to Submarine Cable Testing. Third 
(new and enlarged) Edition. Svo, cloth, illua- 
tratad fS.BO 

W. C. The Fotrntlomeler and ItH adjvncta, 

Svo, cloth K.ZS 

FISKE, B. A., Llentn U.S.N. Blectrli^tr la The- 



SSk 



y and Practice; or. The Bier. 

' - ■ ■ Eighth Edition. Svo, cloth, 

f3.M 

FLBISCBUANN, W. The Book or the Dalrr. A 
Manual of the Science and Practice of Dairy 
Work. Translated from the German, toy C. 
M. Alkman and R. Patrick Wright, Svo, cloth 
H.oo 

FLBMING, J. A., Prof. The Alternate-cnrrenl 

Transformer In Theory and Practice. Vol. I„ 
The Induction of Electric Currents: 611 pages. 
New Edition, Illustrated. Svo, cloth. VS. 00 
Vol. II., The Utilization of Induced Currents. 

Illustrated. Svo, cloth VS. 00 

Centenary of tbe Ellectrlca) Onmal, ITW- 

1S99. Svo, paper. Illustrated VO.BO 

— Bleetrle Lamnii and Electric Llghttas. Be- 
ing a course of four leoturea delivered at the 
Koya! Institution, April-May, 1SS4. Svo, cloth. 
fully Illustrated 9S.00 



p. VAN KOSTRAHD COMPANY'S 



Bilectrleal laboratory Notea and Forn*, B!le- 

mentarr and Advanced. 4to, cloth, Illustrated. 
VS.M 

«— A Handbook for the Blcctrlcal ]:.ab«rat«rr 
and TeatinGT Room. 2 volumes. Svo, cloth. 
net, fS.OO 

VLBVB.Y, H. The Caleolu Wllhont Unit* or 
InBlnitealmala. Translated by C. O. Ualllouz. 
In Press. 

POIiBY, It., and FRAY, Thoa., Jr. Tbe H«hanl~ 
cal engineers' Reference Book lor Machine 
and BoileT Construction, in two parts. Part I 
— General Engineering Data. Part 2 — Boiler 
Construction. With 51 plates and numeroua 
lltustratlonH, specially drawn for this work. 
Polio, half morocco. Mew Edition ...In press. 

FOSTEB, H. A. EUeetrlcal EOKlBccrB' Foclut- 
book. With the Collaboration of Eminent 
SpeclallBtB. A handbook of useful data for 
Electricians and EJeotrloal EnRlneera. With 
Innumerable tables, diagrams, and figures. 
New, Revised and Greatly Enlarged Edition 
slse, leather, fully Illustrated with extensive 
index and thumb Index. 163S pages CB.M 

^ -J. G., Gtn., U.S.A. SnbioBrliie BlBstins la 
Boston Harbor, Uassachusetts. Removal of 
Tower and Corwin Rocks. Illustrated with T 
plates, ita, cloth VS. 60 

FOWIiB, F. F. The Proteetlon of BaUroadfl from 
Overhead Transmleelon Line Crossings. SB Il- 
lustrations. IZmo, cloth, 76 pp net, VIJW 

II 1 1 . T he Solntlon of AlterBBtlBK Carieiit Frofe- ' 
lems by Complex Imaginary Quantities. With 
numerous examples. Illustrated. 8to, cloth. 

FOX, Wni„ and THOMAS, O. W., U^. A Practi- 
cal Course In Mechanical Drawing. Third Edi- 
tion, revised. 12ma. cloth, with plates, fi.2B 

FRANCIS, J, B., CB. I.aweU HrdraBlie B^zperi- 

ments. Being a selection from experiments on 
Hydraulic Motors on the Flow of Water over 
Weirs. In Open Canals of uniform rectanguiar 
section, and through submerged Orifices and 
diverging Tubes. Made at Lowell, Maas. 
Fifth Edition, revised and enlargea, wtth 
many new experlmenta, and Illustrated with 
23 copper-plate engravings, ito, cloth. V15.00 
FOLLBR, G. M*. Report on tbe InveatlgBtloBB 
into the Purification of the Ohio Hivar at 
~ioul«vi1le. Kentucky, made to th* President 



And Dlreotors of the IjouIaTllle Water Com- 
pany. Published under agreement with the 
Directors. S fuU-pBere p[a.tei. 4 to. cloth. 
net, tlO.OO 

FiriUiaiLL, J. Stndenta' HaniuU »t Palata, Ool- 
ors, Oils and Varnishes, Svo, cloth, lllue- 
trated net, (1.00 

GAI«T, L. 'W. BlementB of mcctcle Traction, for 
Motormen and Others. Svo, cloth. Illuetrated. 
£17 pp., London, IBDT net, (2. BO 

GABCKB, S:« and FEILiLS, J. U. FaetoTr Ac- 
counts: their principles and practice. A hand- 
book (or accountants and manufacturers, with 
appendices on the nomenclature o( machine 
details, the ratine o( factories, Hra and boiler 
Insurance, the factory and worltshop acts, 
etc., Including also a targ'e number of specimen 
rulinEs. Fifth Edition, revised and extended, 
Svo, cloth. Illustrated VS. 00 

OARI'XIRTH. 'W. G^ Snssested Rulia for Kttov- 



erlnsc Cot 
4 foidlnET 



I Coal Mines after Ezpl 

'InET plates. IZmOi leather, 71 pp, 

net, V1,S0 

OARNKR, B. Luther. Sro, <^«th. (Tan Noa- 

trand'fl Westminster Series.) In Press. 

GEIKIBI, J. Structural and Field Geala«7, for 

Students of Pure and Applied Science. With 
figures, diagrams, and hftlf-tone plates, Svo, 
cloth. Illustrated ,,.,, net, (4. 00 

GGRBGB, N. Cbemlcol and Pbyatcsl Analysis 
of Milk, Condensed Hllk. and Infants' MUk- 
Food. Svo, cloth (1,20 

GBBHABD, Wm, P. Sanitation, Water-supply 
and Sewage Disposal of Country Houses. 
13mo, cloth. Illustrated. 348 pases, .net, 92.00 

OCBHARDT, C, ■W. H. Electricity Meters) Tlictr 
Construction and Management. A Practical 
Manual for Central Station Engineers, Distri- 
bution Engineers, and Students. With tables 
and 215 Sgures and diagrams. Svo, cloth, II- 
lus net, »4.00 

GESCH'WINI), L. Mannlaotnre of Alum and 9nl- 
phatea, and other Salts of Alumina and Iron; 
their uses and applications as mordants In 
dyeing and calico printing, and their other 
applications In the Arts, Manufactures, Sani- 
tary Engineering, Agriculture and Horticul- 
ture. Translated from the French by Charles 
Salter. With tables, Sgurea and illaKTan]*. 
Svo, cloth. Illustrated n«t, H.Ot 



D. VAN NOSTKAND COUPAHVS 

LIShtlnK by Acetylme, Gesn 

„ ._. ..T— .... =. ^ 

. 121 
..CI. 00 

PhylMt <tf SitlldB and Flnldt. (Carnetie 

Technical School's Text Books.) - - -- 

GIBSON, A. H. HTdranIIi-B and ItB j 

310 llluatratlo 

— Walcr Hamin 

luatrated. J2i 

(ilLLHOUK, a. A. I Gra. Trratlw oB LUntw, Ily 

draullc Cfmnnts nnii Mortars, Papers on Prac- 
tical Kng-inecrlng, UnltPd Slatfis Engineer De- 
partment, No. 9, containing; Ueports aC numer- 
ous KKperltnencs conduolcd in New York City 
■ during the. years 1833 to 1861, Inoluaive. "'-■•- 



,fl4.00 

'i loads, Ptreets and pavements. Tenth Edi- 
tion. With 70 llliietratlonB. IZmo. clath. f2.0U 

t;<)>.UI!vn. H. A. The Tlieta-PhI DIaKrau. Prac- 
tically AppHed to Steam, Gas, Oil and Air En- 
Bines. Second Edition, revised and enlarged. 
12mo, laoth. Illustrated net, »1.2S 

GOODCHILn, W. Preclonii Sloae*. Wtth m 
Chapter on Artificial Stones, by Robert Dykes. 
SOB pp., 8vo, cloth ^.M 



feltth Bditlon, 



tlpHl Hydroatatlcn 

With nuraer--- 



GRANT, J. 



saXNTmc piTBuCA-noHs. 25 

Forma, with Inatructlons tor' maklns them. 
With numerous flsurea and dlasr&ms. Second 
Edition, reviaed and enlarged. 12mo, doth. 



GREBITWOOIl, B. Claaalfled Gntde to Technical 

and Commercial Books. Subject List of Prin- 
cipal Brltlah and American Worki In print. 
Svo, cloth net, »a.00 

GRIFFITHS, A. B., Ph.D. A TrcatlBc on Man- 
ures, or the Philosophy of Manuring-. A Prac- 
tical Handbook for the Agriculturlal, Manu- 
tacturar, and Student. 12mo, cloth »3.IKI 



208 pp. 

"B(, W.OO 

CROSS, E. Hopn, In tbFlT BotanlcBl, Agrlcnltur- 

al and Technical Aspect, and as an article o( 
Commerce. Translated from the German by 
Charles Salter. W^lth tables, diagrams, and 
Illustrations. Svo. cloth, illustrated, net, (4.50 
(GROSSMAN, J. AmmonlH, aOd lis ComponndB. 
With tables and figures. 13mo, cloth, illua- 
trated net. »1.20 

GROTH, L. A. MfeldlBK and CnttiaK Hetola 1>T 

Aid at Gases or Eilectrlclty. 124 ill UBtrat Ions. 
Svo, cloth, 2S0 pp net, gS.OO 

GROVEIR, F. Practical TnallDC on Modem Gas 

and Oil Engines. Svo, cloth, illustrated. 

net. 12. M 

GRVNER, A. Poivrr-laam Wearlna; and Yam 

Numbering, according to various systems, with 
— iveraion tables. An auxiliary and text-book 



._ -jBtruotlon, and for general use by those 
igaged in the weaving industry. Illustrated 



for pupils of weaving schooli 

setf-instruotlon, and ft— 

engaged in the weavin= 

with colored diagrams. Svo, cloth, net, VS.oo 
GVLDMUR (VONt HUGO, The Dexlgn and Con. 
structlon of Internal Combustion Engines. 
Translated and revised by Prof. H. Dleder- 
iohs and P, B. Junge. Svo, cloth, 800 pn. Il- 
lustrated In Press. 

GITNTHBR, C. O., Prof. Intesiadon by Trlnono' 

metric and Imaginary Substitution. With an 
Introduction by J. Burkitt Webb. 12ino. cloth. 

Illustrated net, »l,aB 

GURDBN, B. L. Travene Tablesi Compntcd to 

Four riacee. Decimals fur every clnjle rotniito 
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oj BiiKle up to 100 of Distance. For the uas 
ff.P^T*??'* ^""^ Engineers. New Edition. 
Folio, half morocco V7.S0 

OVY> ^' E- Expulmeut* on tiie Flexure ot 

Beams, reaultlng: In the Discovery of New- 
Laws of Failure by Buckling, Reprinted from 
the American Macliinlst." With diagrams 
and folding plates. 8vo, cloth, iiliistrated. 122 

pages QBt, 91.25 

HABDGR, H., C.G. A Handbook on the Steam- 
englne. With eepeoial reference to small and- 
medium-slzad engines. For the use of Engine- ' 
makerB, Mechanical Draughtsmen, Enginaer- 
Ing Students and Users of Steam Power. 
Translated from the German, with considera- 
ble additions and alterations, by H H P 
Powles. Third English Edition, revised. Svo. ■ 
cloth, illustrated, lB8 pages fS.OO 

HAINBACH, R. Potterjr DecontloD. A deecrtp. 

tlon of all processes for decorating pottery and 
porcelain. Translated by C. Slater. 28 Illus- 
trations. 12mo. cloth net, tS-M 

HALB, Prof, W. J. (mtv, of HIcli.) Calcnlattana 

of General Chemistry, with Definitions, Ex- 
planations, and Problems. 174 pp. l2mo. cloth. 
net, tiJW 

HAI.I.. C. H. Chemistrr of Palnta and Paint 
Vehicles. Svo, cloth net, 92.00 

-~— W, S., Prof. Elements at the DlDerenllal 
and Integral Calculus. Sixth Edition, revised. 
Syo, cloth, illustrated net, S3.2S 

— ~W. S. DescHptive Geometry, nltk Nomerona 
Problems and Practical Abplioationa. Com- 
prising an Svo volume Ot 76 pages of text and 
a 4to atlas ot 31 plates. 2 vols., cloth, net, 93. 60 

HAI^I^ER, a. F., and CI7NNINGH&9I, E. T. Tke 

Tesla Coil, Its Construction and Uses. In Press. 
HALSBY, F. A, 811d«-TBlve Gear*. An Expla- 
nation of the Action and Gonatruotlon of Plain 
and Cut-off Slide Valves. Illustrated. Seventh 
Edition. 12mo, cloth aLSO 

— — Tbe Use ol (be Slide Rule. With lllnstcattoas 

and folding plates. Fourth Edition, revised 
and enlarged. IGmo, boards. (Van Nostrand's 

Science Series. No. Hi) 90. so 

■ I The IjoeomotlTa Iilnk Motion, with Dlnsrama 
and T»ta«a. fvv, sloth, llIu«tTM«d fl.M 



scnMTmc fubucatioks. 27 

i W oraa and Spiral GeailMS. Rcrlaed aod 

Enslarfr^d Bditron. lemo, clotb (Van MoS' 
trand'B Science Series. Mo. IIS.) Illustrated. 

SO. 50 

HAMILTON. W. G. Cacfnl InformotlOM lor RaU- 

way Men. Tenth Edition, revised and en- 

largcd. Ge2 pages, pocket form. Cloth ...tl.OO 

HAMMEIIL W. J. Radium, and Other Hadlo- 

actlve Substances; Polonium, Actinium and 
Thorium. With a. consl deration of Phosphar- 
escent and Fluorescent Substances, the Proo- 
ertles and Applications ol Selenium, and 1 



t of disease by the UUra-Violet Light, 
Hecona £ldItlon. With eneravlnKs and iiho- 
toffraphlc plates. 8vo, cloth, Illus 



PP »! .00 

HANCOCK, H. Text-b<Hik at Hechuile* ud Br- 

drostatlcs, with over 600 aiaerams. Svo, cloth. 
net, »1.50 

HARDY, El. KlementBry Principle* of Graphle 
Statics. Conlainlng 13Z diagrams. 8to, cloth, 
illustrated net, 11. BO 

BARPBR. 17. B. trtllluMaii of 'Wood 'Warte br 
Distillation. A general consideration of the 
Industry of wood dlstllllne, IncludlnK a de- 
scription of the apparatus used and the prin- 
ciples Involved, also methods of chemical con- 
trol and disposal of the products. With Tt 
engravInKS. Illustrated. IGT pp., 4to, cloth. 
net, •SJW 

BABRISON, 'W, B. Tbe Hechanles' Tool-book. 
With Practical Rules and SuBgestlons for use 
of Machinists, Iron-workers and others. With 
41 engravings. ISmo, cloth Vl.M 

HART, J, VF. Bzternal Plainblns Work. A 
Treatise on Lead Work for ftoofs. With num- 
erous flsurea and diagrams. 8ro, cloth. Il- 
lustrated i...net, fS.OO 

— Hints to Plnniliera on Joint IVIplar. Pipe 

Bending,, and Lead Burning;. Containfng 184 
figures and diagrams. Svo, cloth. Illustrated. 
net, «S.OO 

-^— Principle ■ of Hol-nater Supply, '^Ith nam- 

s Illustrations. 8vo, cloth -- " "" 

nlfary PlamblnK and DraiD 
arous diagrams and figures. 



-.-, cloth ^.„ 

Sanitary Plamblnff and DraiDaffe. WItk 

numerous diagrams and figures. Bvo, cloth, 

Illustrated net, «S.0O 

HASKINS, C. H. Tbe GalvBDomeler and Ita 

Uses. A Manual for Blectrlctans and Students. 

Fourth Bdltlon. 12mo, cloth fl.BO 
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HATT, J. A. H. T^F CoIorlBt. Dtnlgned to tor:. 

rect the CDinmonly held theory that red, yel- 
low and blue are the primary colors, and to 
supply the much-needed easy method of deter- 
mining color harmony: together with a system 
of color nomenclature and other practical In- 
formation for artlsta and workers or deslKaers 
in colors. £ color plates. 9G pp., square 12mo, 
Cloth net, *1.B0 

HAUSBRAND, E. Jtrytag by Means of Air and 

Steam. With explanations, formulas, and ta- 
blpH. for use in practice. Translated from the 
I by A. C. Wright, M,A. lEmo, cloth, 
net, »S.O<l 

• EvaporatlnB, CondenslnB and CdoIIbk Affu- 

ratuB: Esplanatfons, Formulae, and Tables ior 
Use In PracHce. TranalHted from the Second 
Revised German Edition by A. C. Wrlffht, M.A. 
"With numerous flgurea, tables and diagrams. 
Svo, cloth, illustrated, 400 pages net. VIE. 00 

HAVSNSIR, A. HMBBrBctorc of Preserved PeoOa 
and Sweetmeats. A Handbook ot all the Pro- 
cesses (or the Preservation of Flesh, FruU. 
and Vegetables, and for the Prepaiatlon of 
Dried Fruit, Dried Vegetables, Marmalades, 
FruU-syrups, and Fermented Beverages, and 
of all kinds of Candies, Candied Fruit, Sweet- 
meats, Rocks, Drops, Dragee 8, Pralines, etc. 
Translated from the Third Enlarged German. 
Edition, by Arthur Morris and Herbert Rob- 
son. RSc Svo, cloth, illustrated, i .. .net, »3.00 

HAWIKE:, W. H. The Premier Cipher TelCKraph- 
Ic Code, containing 100,000 Words and Phrases. 
The most complete and most useful general 
code yet published. 4to, cloth IS.VO 

——100^00 'Words Bupplemeat to the Premier 
Code. All the words are selected from the of- 
tlclal vocabulary. Oblong quarto, cloth. fS.OO 

HAnrKES WORTH, J. GrasblcBl Handbook tor 
Reinforced Concrete Design, A series of plates, 
showing- Braphically, by means ot plotted 
curves, the required design for slatis. beams, 
and columns under various conditions of ex- 
ternal loading, together with practical exam- 
ples showing the method of using each plate. 
4to. cloth net. «2,G0 

HAY. A. Alternatlnv CnrreDlsi Thetr Theory, 

Generation, and Transformation. Svo. cloth. 

Illustrated net, 9^.60 

PriBClpIc* of Altemate-enrrent WorktOK. 

ISmo, cloth, Illustrated fS.OO 



a aB WT iFi c pubi.ica¥ioms. 



rent BnelrieerliiK'. With 1S3 llEures and dla- 
^ama. Iliuatrated. 827 pp. 8vo, cloth. 
net.iM» 

HGAP, D. P., Hb]ot, U.S.A. BlcclrlcBl Appllaucei 
of the Present Day. Report of the Paris Elec- 
trical Expoaltlon of 18S1. 250 Illustrations. 
8vo, cloth (a. 00 

H&AVISIDGI, O. ElectrDmaKnetlc ThcDn. Sto, 
cloth, two volumes each, «5.00 

HBCK, H. C B, steam -Bnslne snd Otbar Stewn 
Motors. A text -hook for eng'tDeerlng col- 
leges and a treatise for englaeers. Vol I. 
The Tharmodynamloa and the Uechanlca of the 
Engine. With nmneroua flgureB, diagrama, 
end tables. Svo, cloth, Illustrated, net, (S.SO 
Vol. II. Form, Conatructlon, and Working ot 
the Engine: The Steam Turbine. Svo, cloth. 
Illustrated net, VD.OO 

Abrldxed edltlou of abore Tolnmei (EHemea- 

tary). Svo, cloth In Press. 

BSmGES, K> Hndem Llsbtlns Coudnetoi*. An 
Illustrated Supplement to the Report of the 
LightnlnK Research Committee of ISOS, With 



3 Methods of Protec 
._._ . With fl - .- - 

; tables. Svo, 



With fleures, 
" --, Soth, 1 



BBBRIMASIN, P. Dren' MaterialB. Ad latrodac- 

tion to the Examination, Valuation, and Ap- 
plication of the most Important substances 
used in Dyeing, Printing. Bleaching and Fin- 
ishing. Translated by Arthur C. WrlEht, M.A. 

12mo, cloth, llluatrated net, fS.BO 

UBNRICl, O. Skeleton Strnctares, Applied to 
the Building of Steel and Iron Bridges. 8vo, 
cloth. Illustrated «1.50 



HBRHANTJ'. F. Patatlnv on GIb» and Porcelain 

and Enamel Painting. On the basis of ±>er- 
sonal Practical Experience of the Condition 
of the Art up to date. Translated by Charles 
Salter. Second greatly enlarged edition. Svo, • 

cloth, illustrated net, S3. SO 

HERRMANN, G. The GrapUcal Statics ot 
"lechanism. A Guide for the Use Of Machln- 
— — . ._ ^jjj Engineers; and also r 



Text-book for Technical Schools. Translated 
and annotated by A. P. Smith, M.E. Fourth 
Edition. 12mo, cloth, T folding plates, «2.00 
HBBZFBLD, J., Dr. The Technical Teatlav of 
Tarns and Textile Fabrics, with reteretioe to 



oMclal apeclfl cations. Translated by Chai. 
Salter. With 69 lllustratlona. Svo, cloth. 
net, W.M 



HILL J. W. Tbe PnrlScatlon at Public Water 

Supplies. Illustrated with valuable tables, 
diagrams, and cuts. Svo, clotb fs.w 

— — latcTprctatlon o( Water Analrida. In Preaa. 

BIROI, I. StMleidly-lBdelerinlaBte Slreaaea la 



inly Used (or BHdit 



worlced. Revised by Richard Worn 
Ninth Edition. IZmo, -■-"- 



o( ateam. Including the 

Materials and Construction of Coal-burnlns 
Boilers Combustion, the Variable Blast, Va- 

Rorliatlon, Circulation. Superheating, aupply- 
ig and Heating Feed Water, etc., and the 
Adaptation of Wood and' Coke-burning Eln- 
irlnea to Coal -burning; and In Permanent Way, 



scnNTnic ptnucAtioRS. 31 

tncludinr SoMI-Iied,.8IeeperB, Rails, Joint F*>- 
Mnlnss, Street Rallwaya, stc. With 77 lltho- 
sraphed platea. Folio, cloth tU.OO 

HOI.MBS, A. B. Tht Hlectrle Llsht PopBluIr 
Explained. Fifth Edition. Illustrated, liino, 
paper W.M 

HOPKINS, N. H. Bxperimciital Ellevtracliemla- 
try; Theoretically and Practically TreataO. 
With 132 QKUres and diagrams. Svo, cloth. 
Illustrated net, tS-OO 

H»del EBBlneB and Smnll Bitatib Nsw Hetb- 

oda of Engine and Boiler Making, with a chap- 
ter on Slementary Ship Design and Conatruc- 
tlon. I2ino, cloth fl.2B 

HOHNHR, J. EBEiBeers' TnralaK, ■■ Prinelple 
■ and Practice. A Handbook for Working Bn- 

. gineers. Technical Students, and Amateurs. 
With 4SS flgures and diagrams. Svo. cloth, 
illustrated , het. tS.SO 

HOUGHTON, C. H. Tbe BUneata of Meelumleis 
□{ Materials. A text for students In BDglneer- 
ing courses. Illustrated. 194 pp.. ISmo, oloth. 
• net, KM 

HOWORTH, J. Art of nepslrlaB and RlTctlBS 

Qlass. China and Earthenware. Second Edl^ 

tion. Svo, pamphlet, Illustrated ...net, (a. 60 

HUBBARD, B. The ITtlliiBtlOB of Wood-waste. 

A Complete Account of the Moat Advantagreous 
Methods of Working Up Wood Refuse, espr- 
clally Sawdust, Exhausted Dye Woods and T»_ 
as Fuel, as a Source of Chemical Products for 



iLrtlflclal Wood Compositions,^ Explosives. 



Sawdust, Exhausted Dye Woods and Tan 

-■ '^-irce of Chemical ProiT"-'- '~ 

Composltlons, Ex 
ny other Technical I 
the German of tht 

rged edition. Svo, (.._ 

luBtrated, 1S2 pages net, *2.S0 

BTIHBBR, W., C.K. A Handy Book for the Cnl. 
culatlon of Strains In Olrders, and Similar 
Structures, and their Strength; consisting of 
Formulae and Corresponding Dlagrama, with 
numerous details for practical application, etc. 

Fourth Edition. 12mo, cloth 12.1(0 

HVHFHRKYS, A. C. (Stevens Inatlfnte). Lec- 
ture Notes on some of the Business Features 
of Engineering Practice. Svo, cloth, with sup- 
plement not, gi.zS 

BURST, G. H., F.C.S. Cvlor. A Haadbook of 
the Theory of Color. A practical work for the 
Artist, Art Student, Falntar, Dyer ajid Calico 
Printar, oad Otbaro. Uluatrated with 14 eo> 
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ored ptatea ftnd 7i llluitratlons. Svo, cloth. 
net, »3.BO 

— — DIctloaarx ot - ChenitoilB and Rbw Prnducta 

Used in the Manufacture ot paints, ColorB. 
VarnlBhes and Allied Freparatlone. 8to, cloth. 

net, n-00 

— -LobTlcatlBK Oils, Fats and GreasFai Tliclr 

Origin, Preparation, Properties, Uses and 
Analysis. 313 pages, ivlth EG 111 uatrat Ions. 

3vOc cloth net, tS.OO 

—Sotipm. A Practical Haaual of the Manufae- 

iire of Domestic, Toilet and other 6oapa. 11- 

._^.._^.. — ... „- engravings. Svo, cloth. 

net, tS.oo 

Soaps and' Oils Used In Taxtllo" Manufacti 
Dyeing and Printing, With tahlea and illus- 
trations, gvo. cloth ., net, VS. SO 

RtlTCHIVSON, B. XV., Jr. Lobk Dlatance Blec- 

trlo Power Transmission: being a Treatise on 
the Hydro -electric Generation ot Energy; Its 
Transformation, Transmission, and Distribu- 
tion. ISmo, cloth, lUua., 315 pp net, $3-00 

• and IHLSENG, M. C. Electitvlty In Htnloci 

being a Theoretical and Practical Treatise on 
the Construction, Operation, and Maintenance 
of Electrical Mining Machinery. I2mo, cloth. 
Illustrated In Pr-csa. 



Preparation, Properties, and Analysis of the 



HITTTO.N, W. S. Steam-boiler CoDStrnctloii. A 

Practical Handbook for Engineers. Boiler- 
makers and Steam:users. Containing a large 
collection. of rules and data relating to recent 
practice In the design, construction and work.- 
iny of all kinds of stationary, locomotive and 

'-- "--" — With upwards ot S40 

"■"" — carefully re- 
cloth *s,oo 

■— Pnipllcnl Bnglnrer'n Hanilbook, camprlalmK 
a Treatise on Modern Engines and BolleVs, 
Marine, Locomotive and Stationary. Fourth 
Edition, carefully revised, with additions. With 
upwards of STO illustrations, Svo. cloth, ST. 00. 



PDBLICATIOKS. 



Second Edition, 12mo, 



Ceutcllacal Pumps, Turbines and Water 

Motors. Including the Theory end Practice 
of Hydraulics. Fourth a.nd enlarged edition, 

12mo. cloth net, »2,(N» 

ISHCRWOOD, D. F. EBslaeerlDs FrecedeBtii tor 

tical and ussTul manner for EngliMera. With 
illustrations. Two volumes iw- one. 8vo, 

cloth ....$3.00 

JAHIBSOM, A., C.Kl. A ■] 

Steam-engines. lncludl..„ 

era. SpBclally arrang-ed for tne use or iun- 

Slneers qualifying for the Institution of Civil 
nKlneers, the Diplomas and Daffrees ot 
Teohnical CoUeKes and Universities, Advanced 
Science CenlBcatea of British and Colonial 
Boards of Education, and Honors CertlfleatBi 
of the City and Oullda of London Institute, in 
Mechanical EnelneerlnK, and Engineers geit- 
erally. Fifteenth Edition, revised. IlluHtratOd. 

Svo. cloth VS. 00 

th* 



Engineering Students. Tenth i 



12mo, cloth . 



JANNB'FrAZ, El. A Onldc to tbe DctemliuittoB 

of Socks: belDK an Introduction to Llthology. 
Translated from tlie French by O. W. Flymp- 
ton. Professor of Fhyslcal Science at Brook- 
lyn Polytechnfe Institute. 13mo, cloth, fl.so 
jiGBL, X*., Hem. A.I.£:.E3. The Hanntaetnre ttt 
CarbonB (or Electric Lighting and Other Fur- 
poaea. A Practical Handbook, giving a com- 
plete description of the art of making car- 
t)On>, electros, etc. Tlie various gas genera-. 
tors and furnaces used In carbonizing, with 
a plan tor a modol tttCtoty. Illustrated with 
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nnineroiiB dlsKramB, tables, and loldlDS ulates. 

■to, cloth, llluatratsd net, V«.M 

JBNNDrOB, A. B. CoBuaoelal Pal«te Mad Palat- 

Inff. Sto, cloth. CVan Noatraod'i WestmlnBter 

Serlea) .In Fres^ 

JElNNlflON, F. H, The Manntaetore of Lake 
Plg;menta from Artificial Colon. A useful 
handbook for color manufacturers, dyers, col- 



wallpaper 'makers, enamel and a 11 rf ace-paper 
makers. With 16 plates lllustratlnf the vari- 
ous methods and errors that arise in the dif- 
ferent processea of production. Svo, olotB. 
net, ta-OO 

JEP80N, O. Ctaam, and tlie Principles of tbetc 
Construction. With flsures, hsjf-tones, full- 
page and foldlDK plates. Svo, cloth, iUua- 
trated net, «1.M 

— HeehBnlcal DtbwIbb, ninstnited. 8t«. 

JOCKIN, Wai. AUthBictie ol tlie OBid a>d BU- 
Tersmlth. prepared tor tbe use of Jewelers, 
Founders, Merchants, etc., especially for those 
anrrased In the conversion and alloying ot 
roiu or other metals, the mixing of various 
substances, etc. With numerous examples. 
IZmo, cloth, Ee pp. Bl.M 

JOBRSON, e. I« PkotOKTspUe Optica and Catmt 
Photofrrapby. Including the camerSL, klnemat- 
ograpE, optical lantern, and the theory and 

fractlce o{ Image formation. 1S4 Illustratlona. 
14 pp., Svo, cloth net, •&«• 

^— W. H, Tke CalUratlna aad PrapanMlaB of 

Para Rubber. Second Bdltlon, rewritten and 
enlarged. 13 Illustratlona ISS pp. Svo, olotb, 

-^—W. HcA. tbe MctaUnrgy of NlckeL In Presa 
JOHNtTOH. J. F. W., Prof, mat OAHBRON, Six 

Cbas. Blements of Agricultural Chemistry 
and Geology. Seventeenth Bdltlon. ISmo, 
cloth ta.ii 

JOLT, J. Hadleactlvltr and Geoliwy, Aa ae> 

count ol the Influence of radloaotive energy os 
terrestrial history. 8 Illustrations. ISO pp., 
Itmo, elotb In prcaa 

J01IK9, B. C Blle«trle«l HMurm of Matte* aad 

Radloactinty, ISmo, elotb ta^m 



scmmnc pubucatioms. 



M. W.' Tkf TeatI>K and THlaatlaa of Raw 

UaterlalB ased In Paint and Color UaDafac- 

turo. llmo, cloth nat. «a.M 

JOTNBOH, F. B. DudCBlMK a><l fTonatnetloa at 

Machine Gearlnff. Illuatratad. Sto, cloth. n.M 

jrPTMBR, H. P, V, Slderoloari Tbe Selcmec •! 

Iron. (The ConBtltutlon* of Iron Alloy* and 
Iron.) Tranalated from the Oerman. Svo, 
cloth. S4S pasea, Illustrated net, W.M 

KANSAS CITY BRIDGE], THE. With aM Ac- 
count Of the Raglraen of tlie Missouri River 
and a Description of the Methods used for 
Founding In t^at River, b; O. Chanute, Chief 
Enfflneer, and Qeorse Morlson. Assistant Bn- 
Blneer. Illustrated with E lithographic viewa 
and 12 plates of plans. 4ta, cloth V4.M 

KAPP, G^ CB. Kleetrle TraBonlsslOB of Bb- 

ergy and Its Trans fo Filiation. gubdiTlsIon and 
Distribution. A practical handbook. Fourth 
Edition, reTised. 12ino, cloth R.M 

Dyuinoa, Motors, Alteraators aad Rotary 

Converter!. Translated from the third Ger- 
man edition, by Harold H. Simmons, A.H.I.B.II). 
With numerouB dlasram* and flgures. Ivo, 
cloth, GOT paffes 14.00 

KEIIH, A. W. Frereatlon o( Dampness tn BnllA- 

Ings. With Remarks on the Causes, Nature 
and Effects of Saline Effloreacences and Dry 
Bot. For Architects, Builders, Orerseera, 
Flaaterers, Painters and House Owners. Trans- 
lated from the second revised Qerman edition. 
With colored plates and dlaBrams. 8to, cloth. 
Illustrated, IIG pages net, 02.00 

KRt'I.BR, S. S^ Prof. Mathamatles for Bavlnee^ 

Ids Students (Carnegie Bchccls Textbook Se- 
ries. 12mo, half leather. Illustrated), Algebra 
and TriKOnometry, with a chapter on Vectors: 

ISS pp net, n.n 

Special Alyebra Edition. 1^3 pp net, «14t 

Plane and Solid Oeometry. Ill pp. , . .net, fiJB 
Analytical Oeometry and Calculus, 8G9 pp. 

net, $MM 

KBlLSBnr, 'W, R. OoBtlaBons-earreat Dyaamos 

--- "-* -Id their Control: belQff a ar'- 

■rlnted from The Practical 

_ mnleted by W, R. Ketsey. \,.™ 

many flsurea and dlagrrams. Svo, olotb, llitu- 
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KElMBLBt, W. Tt OBi VnDERHn>I« O. R. "Ae 

Periodic Law and the Hydro Ken Spectrum. 
With tolaing alB.gT&ma. Illustrated. 16 pp., 

Svo, pamphlet net, V.JW 

KKMF, J. ¥■., A.B.. K.H. (Colnmbla Univ.). A 

Handbook ot Rocka. For the use without the 
microscope. With a glOBBary of the names Of 
rocks and of othci- llthologlcaJ terms. Fourth 
Edition, revised. Svo, cloth, lllustratea, fl.SO 

KENNEDY, R. Hodcrn BbkIiw* and Power Gem- 
era-tors. A Practical Work on Prime Movers 
and the Tranamlsalon of Power: Steam. Elec- 
tric. Water, and Hot-air. With tables, flg- 
ures, and full-page engravings. 6 vols. Svo. 

cloth. Illustrated SIS. 00 

Single volumes, each fS.oo 

— EneetrloBl IiutsllafKHiii of Blectrle Ught, 
Power, Traction, and Industrial Electrical 
Machinery. With numerous dlttgrama and 
engravlngB 

Vol. I. The Electrical CIrcalt, Meaanre- 

ment, Blements ol Motora. Dynamoa. Rlectro- 
. lyslB. Svo, cloth, lllus «3,60 



atallatlon Wiring. Switches and Switchboards. 
Svo, cloth, Illustrated (3. SO 

Vol. III. Prod oct Inn of Sleet rtcsl Eneisr 
Prime Movers, Generators and Motors. Svo. 
cloth. Illustrated tS.SO 

Vol. IT. Heebaiilcal Grariast Complete 
Blectric Installations; Electrolytic, Mining and 
Heating Apparatus: Electric Traction: Special 
Applications of Hlactrlc Motors. Svo, cloth, 
illustrated IS. SO 

Vol. V. ApparatDa and HacUneTT' nacd in 
Telegraphs, Telephones, Signals, Wireless Tel- 
egrraph, X-Hays, and Medical Science. Svo. 

cloth, IHuatratecl 99.00 

Complete sets of the nve volumes ....flK.OO 

KBIVNE:I,LV, a. B. Theoretical ElemcatB of 
Eleotro-dynamlc Machinery. Svo, cloth, (l.SO 

KBRSBAn', J. B. C PdcI, Water, and Oaa Am- 
alyslB, for Steam Users. 8vo, cloth, net, VS. SO 

-^BleetTonutaUavKT. UlDalrated. SW pasca. 

8vo, cloth not, $a.m 

-^-The SUeetrlc Parnaee In Iran aad Steel Pro- 
duction. SS pages, it lllustrattons and list ol 
. patents. lEtno, cloth nat,-n^ 



book (or Student 



■ CnrceiX ArmmtimMi Tbetr Wlnd- 

A Handbook for Stu- 



dents, Deal^nerB, and all I ... 

cloth, Illustrated net, »1.B 

>^-^rhe TrstlBg at AltfrsatlBK CDircBt KnefelBea 

En Laboratories and Test Rooms. A prsctloal 
work (or atudenta and engineers. Vol I. Osn- 
eral Tpeta; TranKtormera, Alternatora. HI 

illuatiatlons. 1S4 pp., Svo, cloth nel. fZ.OO 

KIRKALDV, W. G. IllnBtntlonB of Darld KIrb. 
aldy'a System of Mechanical Testing, aa Orlffl' 
natoii nnd fioi-rlsd On by him during a Quarter 
Comi>rtalne a LarKe Selection 
■r>„...... „w — , — '-T ^Strength 

1 Hla- 

— „ „- ind 25 

lithographed plates. 4to, cloth •10.00 

BRIDEl, J, Bncnvlus (or lilnatrattoBi 

orloal and Practical Notes, with lliustia- 
B and 2 plates by ink photo process. Svo, 



KIBKn'OOS, J, p. Report on the FlltratloB ol 

River Waters for tbe Supply of Cities, ai 
Dractlced In Europe, made to the Board of 
Water CommlsBlonera of the City of St. Louis. 
Illustrated by 30 doublC'p&Ke ensravlnsi. 4to, 
cloth f7.B0 



ln« I 
With 



KLBINHANS, F. B. BoUer CourtrnctloD. A 

al explanation of the best modern 

a of Boiler Construction, from the lay- 

-_C of sheets to the completed Boiler. 

a diagrams and full-page engravlnes. Svo, 

cloth, illustrated Va.OO 

.., _ H., Llent—Com., T.S.ti. Modem 
lanshlp. Illustrated with 13B full-pase 
plates and diaffraras. Bvo, cloth, illustrated. 

Second Edition, revised net, M.OO 

H»lf roorocoo JT.BO 



38 D. TAM MOSTRAHD COUPAKY'i 

KlfOX, W, F. E^BUltkni TAlea In Pr«H. ~ 

. G., mnd HACKAY, J. S. Fradteal 

amples Hg- 



KOSSTBR, F. SteBm-Bleetrtc Powh Plants Bnd 

their ConatruetiOQ, A ProotleaJ TraatlBe OH 
the DbhIbh ot Central Light and Power Sta- 
tions and their Kconomlcal Construction and 

Operation. 4T3 pp., 340 lllua net, tS-OO 

Hydroelcctrle SeTcIopnieiita ana nnslBeac- 
Ing. A PractlCRl and Theoretic^ TreRttie on 
' the Devslopmant, Deals^, Construction. Squlp- 
raent, and Operation of Complete Hydroelectric 
Transmission Plants. With many tables and 
GOO dlaKrams and Illustrations. 4TG pp.. 4to, . 
cloth net, ^OJM 



from the German by Cha«. Baiter. Svo, cloth. 

net. «3.00 

KRAUOH. C, Dr. Temttng of Ohemleal RcBseBti 

for Purity. Authorized translation of the 
Third Edition, by J. A Williamson and Li. W. 
Dupre. With additions and emendations by 
the author. Svo, cloth net, •&•« 



Bonn Prodiifrta aad HanuFea. Ab Aeeonnt of 

the most recent Improvements (n the manufac- 
ture of Fat, Olue, Animal, Charcoal, Size, Qela- 
i Manures. With plans and diagrams. 



ubI Of the Treatment of Cottonseed for It* 
Products and Their Utilization In the Art*. 
With Tables, Ssures, full-page plates, and a 
larffe folding map. Svo, cloth. Illustrated. 

net,$fcOO 

— HMIeva Soaps, Oaadles, aad Glreetla. A 
practical manual of modern methods of utlll- 
atlon ol Fftta and Oils In the manufaetnr* 



vnrloua appJlajiceB employed, ■ucb a 
fnrv and reacue apparatus, dama. bu. niui 
platea aad dlaKrama. Tranalated from 

by Charles Salter, svo, cloth, il- 

nat, •4jM 



I.AirCHB8TBR, P. \P. Aeradymaialeai Commtitm- 

•' — "he First Volume ol a Coraplet- ■™' — *' "- 
1 Fllcht. With Appendlcwa c 



tias the First Volume ot a Complete Work on 
Ae&l Fllcht. With AppendlcM on the T' 
loctty and Momentum of Sound Wavea, on t 



Theory of Soaring Flight, etc. With nnmerona 
dlaKrama and half-tones, niuatrated- 441 pp., 
■to. cloth net *&•• 

^— Aerodmelles. CoaatttotlBc the aeeoad tsI- 

ume or a Complete ^Vorit on' Aerial Ftlehl. 
With Appendices on the Theory and Applfea- 
ttan of the Oyroscope, on the Flight ot Pro- 
Jecttlea, etc 44S pp., IDS IlluBtratlona. S-ro, 
cloth. net ••••• 



luUUVEB. B. T. PrlMcfvIca sf Altenatlnc C 

rents. For students of electrical ensineer 
99 llluitratlona 110 pp., limo, cloth. nat, V 

, C S. cipher and Secret Lettei 

Taphlc Code, wlt^ " — "- " 

le most perfect Se 

discovered. Imposi 

t the key. ISmo, cloth . 



the author's corrected proofs for the second 
Oerman edition, by U. M. Pattlson Uuir, JC A. 
12mo, cloth, Uluetrated fa.M 



I^TTA, H. If. Baadbwik af Amerieu Onx 

BDRlneerinB Practice. With dia{rrams and 
tablea, lyo, cloth, lllua, 460 pp.. ..net, V4.M 



CBABK, 



Breakdows at fl« and How 1* 

Them. With BO ill uitrat Ions. Second 



nation. Sto, eiotb • 



I. VAM trOSTRAMD GOUPANr's 



—— Triple and anadniple Kxpanalon Eaginea 

and Boilers and their Uanageinent. With E9 
Illustrations. Third Kdltion, revised. 12mo, 

cloth »2.00 

•—RefrfKcratlnc Maeklaerri It* Prlaclplra aail 

HanaKement. With (4 UlnstratlonH. IZmo. 
cloth «-•« 

LBCKY, S. T. S. ••WrlnklH" In Practical Narl- 
gatlOD. With 130 Illustrations, gvo, cloth. 
Fourteenth Edition, reviaed and enlarged. 
not, »a.M 

LEIBDB, C. C. McdiaBleal DrawlaK for Trad* 
Schools. High School Edition. (Carnegie 
Technical Schools Teztbooki.) Text and 
Plates. 4to, oblong cloth net, fl.aS 

1^— Mechanteal Drawins tor Trada Soboala. Ma- 
chinery Tradet' Edition. 13 leasona fn text ana 
plates. 4to, oblons cloth, lEO pp.... net, 92.M 

LEU^lfiVRB, £.. Archltectaral PotteiTi Brlcka. 

TlleB, Pipes, Enameled Terra-Cottaa, Ordinary 
and In crusted Quarries, Stoneware Mosaics. 
Faiences and Architectural Stoneware. With 
table*, plates and SGO cuts and lllustratlonx. 
With a preface by H. J.-C. Forralre. Trans- 
lated from the French, by H. K. Bird, M.A.. 
and W. Moora Blnns. 4to, cloth, lllnstratad. 

net, W7.SO 

LBHNBR, B. lafe Hannfadarci IncIsdlBK IVrlt- 
InK, Copying, Lithographic, Uarklng, Stamp- 
Injgr and Laundry Inks. Translated Irom the 
flfth Q«rin«n edition, by Arthur Horrls and 
Herbert Robaon, B.Sc. 8vo, cloth. Illustrated. 

liBHSTBOH, Dr. Bieirtileltr In Axrlcullnre aad 

HOTtlculture. Illustrated net, fl.BD 

LKWBS, T. B. U«Bld aad Oaaeani Faeb. aad 

the Part They Play tn Modern Power Produc- 
tion. With tables and E4 flKures and dtaErams. 

lUnstTatsd- SI4 pp., Svo, oloth net, sa.«» 

LITHRHOBE:, v. v.. and mLLIAMS, J. Boir to 

Become a Competent Motorman. Beln^ i^ 
Practical Treatise on the Proper Metho< 
~ ~ Jlway Moti - 



_,,-attnK a Street Railway Motor Car; also 
smng details how to overcome certain de- 
fects. Revised Edition entirely rewritten and 
enlarged. 16tao, cloth. Illustrated Vl.W 

I.OBBGN, P., H.E. MaeUalata' aad DnMaiBeB>a 

Handbook, containing Tableis, Rnlea, ,*n4 For- 



mulas, with numerous examples, explaining 
the principles ol mathematics and mechanics, 
as applied to the mechanical trades. Intended 
ss a. re[ereDce book for all Interested In Ue- 
chanlcal work. Illustrated with many cuta 
and diagrams. Svo, cloth S3-M 

LOCKB, A. G. BBd C. G. A PnptlMil Treatlse'oB 



> ftjanufacture o( Sulphui 






. ..vio-mE 



IiOCKWOOD, T. D. Blp«trloitr, Macnetlsm, an! 

Electro-teiegraphy. A Practical Guide (or 
Students. Operators, and Inspectors. Svo, 
cloth. Third Edition Kt.H 

meter: Its ConaLructlon and L'aes. Second Edi- 
tion. 32 Illustrations. ]2Tno. cloth fl.SO 

LODCIi, O. J. Klearntarr Mvchanleii, iBclndtiiK 
Hydmstatlca and Pneumatics. Revised Edi- 
tion. 12mo, cloth •l.SO 

SlBnalllBa: Across Space, Wlthnnt Wires) 

being a description o( the wo^k ot Hertz and 

half-tone cuts, and additional remarks con- 
cerning the application to Telegraphy and 
later developments. Third Edition. 8vo, cloth. 
Illustrated net, ^.OO 

LOnn. n. T. Deeoratlic and Fancr Fabrics.. A 
Valuable Book with designs and Illustrations 
for manufacturers and dealgners of Carpets. 
Uamaak. Dress and all Textile Fabrics, Svo, 
cloth, Illustrated net. U.SO 

LOBING, A. E. A. HaaJboak at the Bleetio. 
magnetic Telegraph. IGmo, cloth, boards. 
New and enlarged edition BO.M 

I.OtrBNSTBI?!, L. C, and CRISSBY. CeBtritosal 
Pumps In Preas. 

LVCKE, C. E. Gas Elulne Ueslgn. With fls. 
ures and diagrams. Second Edition, revised. 

— — PoneF Plants; Ibelr Design. EflleleBcr. and 

Power Costs. 2 vols In Press. 

Poner Plaaf Papers.. Form I. The Steam 

Power Plant. Pamphlet (8x13) net, »I.BO 

LUKCE, G., Pb.D. Taal-tar and Ammonlnt hrlam 

- ed edition of "A Treatise 

... jf Coal-tar and Ammoni- 

acal Liquor," with numerous tables^ pif^irea 



D. VAN KOSTRAN0 company's 



and diagrams. Thick Svo. cloth, llluHtrSited. 

net. ttS.M 

A ThForrtlfUl mad Pnrtlcal TreBtli»« •■ tke 

Uaniiracture of Sulphuric Acid and Alkali 

V9I- !■ dulphurlc Aold. In two parts, mM 

Eoli^ sepiirately. Scconii Edition, revised and 
enlarged. 142 lllua. 8vo, cloth MB.M 

Tol. II. Sail CBkr, Hydroohlorir Add aad 
Leblanc Soda, Second Edition, revised and 
enlarged. Svo, cloth aW.M 

Vot, 111. Ammonia Soda, and varlona oth«T 
proceBaeg of Alh all -mailing, and the prepara- 
tion of Alkalis. Chlorine and Chloratea, by 
BlectrotyHla. Kvo, cloth. New Edition. ISBS. 
lis. 09 

^^^Technlcal CkcmlHta' Handbook, Tables aad 
methods ot analysis for manufacturers of fn- 
orsanlc chemical products. 2 S3 pp. ISmo, 
leather net, «SJ(0 

—Technical MetboHa of Chemical Analrala. 
Tra.ns]8ted from the second German edition 
and adapted to English practice by Charles A. 
Keane. In collaboration with the corps of spe- 
cialists. Volume I. In two parts not sold sep- 
arately, ion pp. Illustrated. Svo. cloth, 

net. nSJM 

Vols. 11 and III In preparation. 



md HT:rte:R, F-. Tbc .Ukull Haker'a Haad- 

,_ok. Tables and Analytical Methods for 
Man u fact urTS of Sulphuric Acid. Nltrlo Acid. 



Soda, Potash and Ammonia. Second Edltlor.. 
12mo. cloth tS.M 

Ll't^OX, A„ PARR, G. D. A.', and PBRKIKi, H. 
Electricity as Applied to Mining. With tables. 
dlaeraraB ami foltllng (ilates. Second BUltlon. 
revised and enlarged, Svo, cloth, illustrated. 
net, »4-TO 

LVai'ElR. I.. M., Pli.D. (Columbia Univ.). Min- 
erals In Itook Sections. The Practical Method 
of identifying Minerals in Rock Sections with 
the Microscope, Especially arranged for Stu- 
dents In Technical and Sclentlflc Schools. Third 
Revised Edition. Svo, cloth. Illustrated. 
net, «1JH> 

MACKIB. John, How to Makt a Woolen Hilt 
Pay. Svo, cloth net, (2.00 

MAC-KROU-. C, The Naval Arobltcetli and Ship. 
builder's Pocket-book of Formulae, Rules, and 
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Tablee; Uid BnKlneers' and Surveyors' HandT 
Book of Reference. Ninth Edition. Itmo, 
limp leather, Illustrated «((.•• 

MAODIRB, E., Capt^ U.S^. The Attack aad 
Eiefense of Coast Kortlfl cations. With maps 
and numerous illuBtratlona. Svo, cloth. n.BO 
V/ai. R. Damestle Sanltarv Dralnace aiul 
Plumbing Lectures on Practical SanTtatlon. 
38* lliuatratlons. 8vo »4.0» 

MARKS. B. C. H. Notea oh tbe CoaMnctlon of 
Cranes and Lifting Machinery. With numer- 
ous dlaKrama and flfrures. New and enlarKed 

edition. 13mo. cloth net. VLBO 

i ■ Kotrs oB tlie Conatmetion and 'Worfelnc o< 
Pumps. With figures, diagrams and enerav- 
Ings. 12mo, cloth. Illustrated net, •!,«> 

~—^i. C. HydraMllc Poner BuKlneertDS. A 
Practical Manual on the Concentration and 
Transmission of Fower by Hydraulic Machin- 
ery. With over IfOO diasraiiis and tables. Svo, 
cloth. Illustrated »3.D0 

^^Invrntlana, PBteiiis ami DculRns. nlih Notea 
and Full Text of tUc >'ew Brltlrh Paten's, and 
Designs Act of 1907. 12mo. cloth net, «].0e 

HARKHAH, &. K. Steel Worker, Tile AibciIcbb. 



._ , . . ielectlon, 

annealing, working, hardening and tempering 
of various kinds and grades of steel. Svo. 
cloth, lllus. Se.cond Edition «3.50 

HARSH, C. F.. and OXJJfW, W. Remrorced Con- 
crete. With tull-page and foldlngjilatea, and 
B12 flgures and diagrams. Third Edition, re- 
vised and enlarged. Ho. cloth, lllus.. net, VT.09 

Mnnaal ot Relntoreed CoBcrele and Coacrete 

Block Construction. Illustrated oy ua dia- 
grams and figures, 290 pp. 16mo, '"'.■■-to. 
net, •!.«» 

MASSIE:, v. WT., and IToderlilll, C. R. IVIrelaW 
Telenraph'- ^nd Tfienncny '" 'mlai . •- 
plained. With a special article by MIkoIa 
Tesla, 76 pp. 28 illustrations. ISmo, cloth. 
net, •l.M 

BIAVRICB. WM. Bleetrlc BlaitIng Apparntna 
and Explosives: with Special Reference to 
Colliery Practice. 86 illustrations. Svo, cloth, 
176 pp net, »S.80 

HAVRR, -W. American TelescraphTi Systemat 
Apparatus. Operation. 450 ITIustratlons. Svo, 

""Xf V Jl." 



HAYGR. A. H„ Prof. Lectan Nolea am Phralc^ 

8vo, cloth •3.00 

McCtlLLOUOH, R. S., Prof. BlemeBtBry Trcatlae 

, on the Mechanical Theory of Heat, and Its ap- 
plication to Air and Steam-enKines. Svo, cloth. 

«3.50 

— B. EulBeerlns Work In Tovtbk and Small 
Cities. With varuable tables, diagrams, and 
formulae. IZmo, cloth. Illustrated 93.00 



HcINTOSH, J, G. Techn«lwK7 at i 

far-beet. 

)th. lllut 

, M.BO 



Ileal Treatise on the Manufaeture ot Susar 
from the Sucar-oane and Sugar-b"' with 
diagrams and tables. Svo, cloth. 



.^— Indnatrlml Alcobol. A Practical 

the Production and Use ot Alcohol for Indus- 
trial Purposes and for Use as a Heating Agent, 
as an Illuminant .and as a Source of Motive 
Power. With pl&ns and engravings, Svo, 

cloth, ill. 252 pp., London, 130T net, fS.OO 

Mnnntiictnrg o( VnrnlBhc* and Kindred In- 
dustries, Based on and Including the "Drying 
Oils and Varnishes," of Ach. LIvache. Volume 
I. Oil Crushing. Beflnlng and Boillqg, Manu- 
facture of Linoleum. Printing and Lithograph- 
ic Inks, and India-rubber Substitutes. Second 
ereatly enlarged English Edition. Svo, cloth, 
riluatrated net, <8JW 

Vol, II., VnrnlRh Ha^erlala and Oil Varaiiili 

Making. With figures, diagrams and tables. 

Illustrated, Svo cloth net, •4.00 

(To be complete In three volumes.) 

nelMECHBIir, F. L. Teata for Orrs, HlBerBls Bad 

Metals of Commercial Value, Svo. cloth, tllus- 

. trated net, •l.O* 

HcNEII.Ih B. McNcIII'b Code. Arranged l« meet 
the requirements of Mining. Metallurgical and 

' Civil Engineers. Directors of Mining, Smelting 
and other Companies, Bankers. Stock and 
Share Brokers, Solicitors, Accountants, Finan- 
ciers and General Merchants. Safety and Se- 
crecy. Svo, cloth $6.00 

HcPHBRSON, J. A., A. M. lB*t, C. E. Water- 
works Distribution. A practical guide to the 
laying out of systems of distributing mains 
for the supply of water to cities and towns. 
W^llh tables, folding plates, and numerous full- 
page diagrams. Svo, cloth. Illustrated, 92JM 

HE1I.ICK, C. W, Prof. Dairy LaburMorr Galdr. 
lamo, cloth, illustrated .^ .net,^^lJ5 



SOENTIFIC PUBLICATIONS. 



HBRCK. K. Chrmlcal ReaKcntat Thctr PnFltr 

and Tests, 250 pp net, 91.B0 

HIilRRITT, Wra. H. Flfld T«Btlns tor Gold asA 

Silver. A Eraotlcal Manual (or Proapeotor» 
and Miners. With numerous half-tone cuts, 
ngures and tables. 16ino, limp lea.ther. illus- 
trated > 91.09 

HBTAL TIIRNIPfG. By a FoTemnn Patlem- 
maker. Illustrated with SI engravines. 12ino, 
cloth 91M 

HICHBLL, S. mine I>nIiiBKC| betoK a Complete 
Practical Treatise on Direct-acting Under- 
ground Steam Pumping Machinery. Contain- 
ing many folding plates, diasrams and tables. 
Second Gditlon. rewritten and enlarg-ed. Thick 
8vo, cloth, llluHtrated aiO.O* 

tllBRZINSKI, S., Dr. WBtcrBr«oaHK ol PabrleB. 
Translated rrom the Qerman by Arthur Uor' 
ria and Herbert Robson. With diasrams and 
flgures. Bvo. cloth, llluatrated .... net, nJSO 

MILLER, E. B. (Colnubln tlnlv.). anaiitllatlTe 
Analysis lor Mining Bngineers. Evo, cloth. 
Second Ed. Revised net, flJlO 

HILROY, M. B. 'W. HsBie Laee-maklBsi a Hand- 
book for Teacl ers and Pupils. With platea 
and diagrams. 12mo, cloth, llluatrated. 
net, f 1.00 

HINIFIB, W. MeekanlPBl Dranlns. A Text- 
book of Geometrical Drawing for the use of 
Mechanics and Schools, in which the Dellnl- 
tlons and Rules of Geometry are familiarly 
explained; the Practical Problems are ar- 
ranged from the most simple to the more com- 
plex, and in their description technicalitiea 
are avoided as much as possible. With illus- 
trations for drawing Plans, Sections, and Gla- 
vatlons of Railways and Machinery; an Intro- 
duction to Isometrical Drawing, and an Bssay 
on Linear Perspective and Shadows. Illus- 
trated with over 200 diagrams engraved on 
steel. Tenth Thousand, .revised. With an Ap- 
pendix on the Theory and Amplication of Col- 
ors. Svo, cloth M.M 

^— «e»uctrical Dranlnc Abridsed from the 
Octavo edition, for the use of schools. Illus- 
trated with 18 steel plates. Ninth Edition. 
12mo, cloth ^.00 

MODRRTT HIBTEIOROLOGY. A Series of Six 
Lectures, delivered under the auspices of the 
Meteorological Society in 1870. Illustrated. 
12mo, cloth fl.BO 



Rne, R, B, A Pocket GlcHiasi7 »t 

Spanish, Spanish -English Technical 
tultable for the enKlneerlng. manufac- 



. nlning: induat 
pocket size, leather 



_ - j£ Gangrulilet and Kutters Form 

lor the flow of ItqUldB In open Chan 
sewera and condulte. In two part 
arranged for 1080 Inclinations troi 






IS): 



._. ■ fifteen dlffu 

Part II. for use with all other values 



r),- With large folding diagram. Bvo, cloth, 
illustrated net. fS.M 

■ORBING, C. A., asA NEiAE., T. New GeaeiBl 

and Mining Telegraph Code. ETE pages, al- 
phabetically arranged. l''or the use of mining 
companies, mining engineers, stock brokers, 

panles. Eighth' Bdltlon. Eva, cloth ...SB.OO 



■ of Gam BnglBe Dealgm. 

a DCL uf Notea accoraptinying « 
v,uuiai: ui LecturcB at Cornell UniverHlty In 
1802. Second Edition. 16mo, cloth. Illustrated. 
(Van Nostrand's Science Series) flO.M 



a Monldlnc and Pat- 



Bhoo Machinery, and t.._ ^ 

In English and American Cupolas; together 
with a large collection of original and care- 



SCIENTIFIC PUBLICATIONS. 

fully selectei] Rule 

Foundry. I2mo, cloth, iiiuatrated . 

> the ChenlalT] 



HUNKO. J.. C.B.. and JAHIBSON, A., CB. A 
........ •.._,. _- T,, __._.__. j^yjgg ^n^ Table* 

• Enylnt 



J. Gm H.B. Practical' HlaioK. A Field 



NAat'BT, A. 



Chemiata. Physicians, Lawyers, Pharmacia ti 
and ExpertH. Translated, with additions, In- 
cluding a list of books --■" '-- -- "■— ' 



French, by J. P. Batter- 
shall, Ph.D., with a preface by C. F. Chandler, 

Ph.D., U.D., LL.D, 12ma, cloth tl.OO 

NA9MITH, J. Tbe Stsdent's Coltvn SplBBlas. 

Third Bditlon, revised and enlarged. Bvo. 



nSlRZ, F. SearohllBblai Thrlr Theorr, ConatFac- 

tton and Application. Translated by Charles 
Hodgera. 47 Illustrations. 145 pp. 8vo, cloth. 
net, fS.OO 

NerBERGGR, H., aad ITOALHAT, H. Tcchnol. 

osy ot Petroleum. The Oil Fields of the 
World: their History, Geography and Geoloev. 
Annual Production. Prospect Ion and Devel- 
opment; Oil-well Drilling: Transportation of 
Petroleum by Land and Sea. Storage of Pe- 
troleum. With 153 Illustrations and 25 plates. 
Translated from the French by John Qeddea 
Mcintosh. 8vo, cloth. Illustrated, net, tlO.M 

MBTTAM,, J. W. Plain Practical Dlrcetlona for 



1 particulars Tor 



Folding plates. 8vo, cloth . 



RE1VLANDS, J. The CorpcBtcrm' and Jolavra* 

Assistant: being a. ComprehenBive Treatise on 
the Selection, Preparation and Strength of Ma- 
terials, and the Mechanical Prlnclplea -* 



r application In Carpentry, 
■raillnK: 



Joinery and Hand-raJlInK: also, a Complete 

ot Terms used In Architecture and Building. 
IllUHtrated. Folio, halt morocco tlS.OO 

NIPIIBR, F. E:.. A.M, Theory ot Hagattle Hcaii- 

urements, with an Appendix on the. Method 0( 

Least S<iuares, 12mo, cloth fl.OO 

NISBET, H. Gnnimap o( Textile DeatciB. WItk 

many diaarrams and figures. Svo, cloth. Illus- 
trated. 276 pp., London, 1907 net. ^.(M 

NOLL, AUKnatna. Hon to Wire BntldlnKBt A 

Manual ot the Art of Interior Wiring. With 
,„ .< Fourth Edition, Svo, 



cloth, illustrated 



.ppllcatlor _ _ __ 

trial Pursuits. With 103 illustrations. I2m0, 

cloth (1.00 

O'CONNOR, H. The Gaa Endneer'a Pocket-book 

Comprising Tables, Notes and Memoranaa re- 
lating to the Manulacture, Distribution, and 
Use of Coal-gas and the Construction of Gas- 
works, Second Edition, revised, 12ino, full 
leather, gill edges «S,Ol> 

OLSSON, A. Motor ContrsI aa Used In Coanee- 
tlon with Turret Turning and Gun Elevating, 
(The Ward Leonard System.) Illustrated. 
Svo. rsmphlet, 27 pp. (U. S. Navy Electrical Se- 
ries, No. 1.) net, V..SO 

OLSBN, J. C, Prof. Test-book of anaatltatlre 
Chemical Analysis by Gravimetric. Electro- . 
lytic. Volumetric and Gasometric Methods. 
With Seventy-two Laboratory Exercises giv- 
ing the Analysis of Pure Salts, Alloys, Miner- 
als, and Technical Products, with numerous 
agures and diagrams. Fnurth Edition, revised 
and enlarged. Svo, Cloth net. t4Mi 



mented by others c 



icuimnc FUBucATioits. « 

Strencth of Wrought -Iron ColumtUk Safa 
Strensth ol Tlinber Beama, and CoiuMnU for 



readily obtaining tba Shearing Str ••••■, Ra 
tlona and BecdinK MoinentB In Swing Brldsea 
Fifth Bdltlon. limo, leather net. tS.Ot 



With'manr dfaKrama Vnd &M- 

Filth Edition, revised and anlarsed. 

Fully lUuBtratad. gvo, cloth, 3T0 pp. ...fS.M 

PAI.AZ, A^ BeJJ. A Tnattiie •■ iBdnatrltf Fbo- 

tometrj, with special application to Electric 

IJjhtlng. Authorized trans latl or ' '■■" 

French by Oeorffe W. Pattereon, 



"WorklnK of Collieries. Designed as a book 
of reference (or coiLlery manager! and for 
'"~ "~e of coal-mlnlng students preparing tor 

^ iMo dla- 
8to, cloth, 
..net, flO.M 
PABS, e. D. A. BlMtnnal BBglneertsM Mwummr- 
Itic In*truni«Dta, for Commercial and LAbant- 
tory Purpoeei. With S70 diagram* and an- 
giATlnga. Svo, cloth, illuitralad, cet. W.iO 
FAHBT, B. J^ n^c The ChtrntUOr •! ■■— tl a l 
Olla and Artinclal Perrumas. Being an at- 
twnpt to group together the more fmsortant 
ot tha published facts connected with the aub- 

i«et; alao giving an outline Of the prlnolplea 
Dvolved In the preparation and analyala of 
BwsntlAl OtlA Seeonil IIdltlon,jUiorougBlr ~~ 



« — I- Am HJ>, The lUak ud Daagera of Varl- 

ons Occupations and their Prevention. A book 
that abould be in the handa of manufaoturerai 
the medical profesalon, sanitary Inapectors, 
medical officers of health, managers o^worka, 
foremen and workmen. Std, cloth, net, fS.OO 
PAHSaALL, B. P., and HOBART, B. H. Arma- 
ture Windings ot Electrle Machtnea. With 140 
full-page plates, SS tables and 1*G pBgas of 
descriptive letter-presA 4to, cloth ....tT.M. 



D. VAir iroffRAifs coxpajiy'x 



cloth 411 pp^ Ulna. net. pu.M 

Thla 1b undoubtedly the moet eomprebenetve 
work on a rapidly growlns Knd Immenialy Im- 

Eortant braiiich oC en sine or Ins. KQil 1* likely 
) rameJn Iot Ions the itandard hook on the 
subject 
— — «>a PABRT, B. EIlcetrt«d B««lvmnt at 



their Allied Trades and Subjects. 8t«. cloth. 

net. «B.W 

PATBRaOn, D, r.C.fl. The Colw PdMtlBK ot 

Carpet Tarni. A useful manual tor color 
chemlata and textile pTlnters. With numeTou* 
llluatratlona. Bt«, cloth, Uluetrated, net, VZ.W 



^^JTht Belcaee •( Color Hlxlas. A M«B«Al la- 

tended tor the uae of Dyeri. Calico Printera, 

and Color Cbemlata. With flsurea, tablaa, and 

colored plate. Ivo, cloth, llluatrated. net. fS.M 

PATTON, H. B. LMtnn KatM ■ 

rapby. Revlaed 1 

Prepared tor uie a 



PADLDIHG, C P. Pnietlesl tdwa ud Data •> 

the Condenaatlon of Steam In Covered and 
Bare PIpee: to whicb la added a tranalatlon of 
Pec let's "Theory and Biperlmenta on the 
Tranamlaalon of Heat Through Insuiatlns Ua- 

terlalB." gvo. cloth, lUua. lOi pp net, «9.<M 

i— Ti^naiiil— 1»B of Beat Thransb Cold-atoiBce 
Inaulatlon: Formulaa, Prlnclplea, and Data 
Be latins to Inaulatlon of Bvery Kind. A 
Uanual (or retrlseratlns anBlnaera. "With 
table* and dlasrama. Umo, cloth, llluatrated. 

PBlftCB, B. Iratein of Analytic Mechaoie;. 



PBirDRBD, T. Tke Railway LocooMtlTO. WkM 

It ta and Why It la What It la. 14 Illnatra' 



tloiiB.__STo, cloth, ill pp. (Van Noatrw4'a 



WeatmlnMer BerlM.).. 



SCDtHimC FUBUCATIOHS. 



alasr«in>. 11 mo, 
net, fl.M 



FanRIGO, O. K. DeTleea, Cfeanse Gear. Show- 

' — the DeTelomnant of the aer«w Cutting 



InK t 

lathe 



Methods of obtainlnff Tarious 

Ditches ot rrhre&ji. Cloth fl.M 

PERRINEI, F. A. C^ A.H., D.Se. CoBdBetnn tow 

Electrical Distribution: their Hsjiufacture and 
Materials, the Calculation of CIrculta, Pole 
Line Conatructlon, Unflergrouna Working and 
other Uses. With numerous diagrams and en* 
gravlnKS. Second Edition, revised. Bvo, cloth. 

niuBtrated, 2ST pages net, Vt.DO 

PBRBT, J, Applied HeetaanlcB. A TreallM for 
the Use of Students who have time to work 
experimental, numerical, and graphical exer- 
cises Illustrating the subject. Evo. eioth, SSO 

pages Bet, (Z.SO 

. PHILLtPi, J. BnglHecrlng Ckemlstr)- A Piae- 
tlcal Treatise for the use of Analytical Chem- 
ists, Engineers. Iron Masters, Iron Pounders, 
students and othsrs. Comprising methods of 
Analysis and Valuation of the principal ma- 



saf of Auriferous Ores and Bullion, and tha 
Chemical Tests reaulred In the Processes of 
Bxtractlon by Amalgamation, Cyanldatlon, and 
ChlorlnatloD. With an appendix of tables and 
at«tt«tlcs and numerous diagrams and en- 
graTlngs. 8vo, cloth, Illustrated, net. tS.BO 

PUlN', J. Seven Polllee of Bdenee. A Pepalai 
Account of the most famous sclentlllo Imposal- 
bllltles and the attempts which hare been 
mad* to solve them: to which Is added a small 
Budget of Interesting Paradoxes, lUualons 
•nd Marvels. With numerous II lustrations. 
Second Edition. Svo, olotb. Illustrated. 
net. •! .3* 

nnnsrhnld P«ets> aad Hvtr to Get RUI of 

Them. Svo. cloth In Praaa. 

nCICWORTH, G. H. Ila ladleator Haadkoak. 

A Practical Manual for Engineers. Part I. Tb« 
Indicator: Its Construction and Applloatlon. 
■1 uiustratlous. llmo, eloth ...^.«...,.«l.sr 



D. VAif HMTKAin) cotttAxra 



—V^e ladlMtar Haa^hoak. Furt U, The !■- 

dicstor DI&KTam: Its Analysli snd CBlealation. 
With tables and flffures. 12nio, cloth. llluB- 

trftted ai.M 

— LBKBrilhma'fw Bcdueiw. St*, fevuda, fO.M 

Tfee SUde Ralr. A PraetleU Muoia af la- 

Btructlan for all Uaera of the Hodam Type of 
aiMe Rule, contalnlnK Succinct ElzpIftntiUon of 
the Prlnclpte of Slide-Rule Computation, to- 

< ether with Numerous Rules and Practical 
■lustrations, eibltiltln^ the Application of the 
Instroment to the E very-day Work of the 
=. — . ™..<, ,,„,.^n[^, -_- ^ .-_, 



BnKliieer — Oivll, HechnnlcaJ and 

Bevecth Edition. 12mo. flexible cloth, fl 
PLAHB TABLK, THE. Its Daca In Tnana^it- 

cal BurveytnK. From the Papers of tbo united 
8tates^,Coaat Surrey. Illustrated. Bvo. cloth. 

"TbA work Klvea a descript'loii of the Plane 
Table employed at the nnited States Coast 
Burrey office, and the manner of uslnK It." 

PXATTNEIVg MBBoal of avalltatlTC and asaa- 

tltfttlve Analysis with the Blow-plpe. Blffhth 
Edition, revised. Translated by Henry B. 



Cornwall. K.U.. Ph.D.. aeelated by John 
Caawoll, A.U. From the sixth Qerman edltlun, 
by Prof, Prledertch Kolbeck. "With ST wood- 
cuts. 463 pages, gvo, cloth net, «4.M 

PLTHrroif, Ges. 'W., Prat Tkf AaeiaU Bar- 
ometer: Its Construction and Use. Compiled 
from several sourcea. Tenth Bdltlon, revlaeS 
and enlarged. ICmo, boards. Illustrated, 90. M 



POCKET LOGARITHMS, ta FonF Plaeci 
mals, Includlnir LoKarlthms of Num 
Iiopu-lthmlc Sines and Tanrenta 



raalB, Ineludlnit LoKarlthma 

Iionrlthmlc Sines and Tanrenta to allele 

Minutes. To which ta added a Table of Mit- 



ural Sines, TanKcnls, and Co-tanfrentl. Itmo, 
boards «a.M 

POPE. F. I^ Meden Praetlce af the lOeetrie 
Telegraph.. A TecllDleal Handbook tor Blec- 
trlataoB, Manssers and Operators. Ptftaanth 
Bdltlon. rewritten and enlarser. and fully Il- 
lustrated. 8to, cloth tl.M 

POPPLEWELIq T7. C. Bleweatan' TxeatlBB aa 
Heat and Heat Enelnes, Specially adapted tor 
enKlneers and students of enKlneerlng. llmo, 
cloth. Illustrated tt.OO 

— — PrereatieB ef Snake, eowUacd with the 
Economical Conibuatlon of PueL. With dla- 
Krama, flcuras «sd tables. Svo. cloth, JUi^ 



^^d* . 



POTTS3B, T.. CosnTtc. Ra H*e In BalMlac 

Foundatlona to Finish. Third Edition, re' 
and eDlarged. 138 lllustratlona. SSS pp^ 

cloth : nei. : 

Pmetlcal CoBponadlue at OUa, T 
Or ease, for Lubrication, etc. By 



Bxperl 



on Beaner. Svi^ cloth . 
Pnetlcal Iroa FonadlDB. By the Aatkor Ol 

"Pattern Making," etc. lUuatrated with OTer 

100 enKravlnKS- Third Edition. ISmo, cloth. 

H.W 

PRATT, HBHB&RT. VFU^m • Boaae. Pampk- 

let •o.» 

PRAT, T^ Jr. TwentT Thtb with tfae IndleatoTi 
being' a Practical Text-book tor the Enslneer 
or tne Student, with no complex Formulae. 
Iliunrated. Sto, cloth fl.M 

— — Steana Tablee ud BokIb* Otmntut. Ooh- 
plled from Regnault. Ranlclne and Dixon dl* 
rectly, making uae of the exact records. Svo. 
cloth fZ.M 

FRBHCEI, W. H. BleetHc Lamps In Pr«S*. 

■nit Stnbba, A. T. Manual of TelcaliaaT, 
Illustrations and plates. 12mo, cloth, f4.H 

PRBLINI, C, C.El. Harlb and Roek BxcBTatlea. 
A Manual for Hnslneers, Contractors, and En- 
slneerlng Students. With tables and many 
dlagrama and ensravlnsa. Second Edition, 
reviBBd. Svo, cloto, Illustrated net, VS. 00 

Oraphlcal Delermlnallon of Earth Slope*. 

Retalnlne Walla, and. Dam*. 8ro, doth, lllua- 
trated, 1)8 pp net. IftM 

TaancllBK- A Practical Trea*iee eoBtalalaa . 

149 Working- Drawings and Figures. WltH 
additions by Charlee a Hill, C.E., Associate 
Editor Engineering News." 311 pages. Third 
Edition, revlHed. Svo, cloth, lllus 98.00 

^^DredBlaK. A Piaetleal Treatlae. . . .In Ptho. 

PRBHIBR CODE). (See Hawke, Vm. B.) 

PRBBCOTT, A. B., Prof. OrKBale Aaalr^a. A 
Manual of. the Descriptive and Analytical 
Chemistry of certain Carbon Compound* In 
Common Uae; a Guide In the Qualitative and 

Suantltatlve Analysla of Organic Materials In 
ommerclal and Pharmaceutical Ass ay a, In the 
Estimation of Impurities under Autborljed 
Standards, and In Foranalc Examinations for 
Foiaona, with Directions for Blementary Or- 



S4 D. TAM MoantAND ccatrMrr's 

canlo Analral*. Fifth BdlUon.' Ito, eloth. 
9S.O0 

M< JOHNSON, O. O. 4k«mli(atlve OhemlcMl 



ADklrali. A Quids tn Qualitative Work, vlth 
"«tft tor AnftlvtlcaJ Operktlona. and Labara- 
>ry Hatboda In Inornnlo Chemlatrir. Sixth 
jvla** -"■■ —' ' ^A,., — — n_.i 1^ 



Datft tor AnftlvtlcaJ Operatlona. and Labora- 

^•—•■-'j r„ Inor«nlo C"- — ' "■— ' 

Jnlargred Edlttpn, , ._ 

BD. with an appendix by H. H. WUIard. 



r«vla«d and anlargred Sdlttpn, entirely rewrlt- 



talnloc a lew Improved methods of analyila. 
Ito, oioth — 



fS.U 
Id SVLLITAN, B. C. (DalTeralty «f HleU- 

-). First Book In Qualttatlva Cfaemlatry. 
- -r Studies of Water Soluttoa and Uass Ac- 
tion. Twelfth Edition, entirely rewritten. tSmo, 

cloth net, n.BO 

PBBSS, A. DcalsH ot EUcctrleal HacUMcry. 8ro, 






CKARD, O. a. Tfae BKanabetBre ot Ble«- 

>-IiCht Carbons. Illustrated, two, puer. 

PKOST, B. HakBBl ot OhcBleal AaalyaU as A*- 

KUed to the Assay of Fuels, Ores, Metals, Al- 
>r*. Salts, and otner HlneraJ Products. Trans- 
lated from the original by 3. C. Smith. Part I, 
Fuels, Waters, Ores, Salts, and other mlnsral 
Industrial products; Part 11, Metals; Fart HI, 

Alloys. Svo, cloth net. «4.B0 

Fin.I.HN, W. W. p. A»pUeatl«B at GrasUe 
Uethads to the Donlga of Struotnres. Specially 
prepared for the use of Bnelneers, A Treat- 
mant by Oraphtc Methods of ths Forces and 
Prlnolples necessary tor consideration In the 
Brldces, TruHSea, Framed Structures, Wells, 
BrldKes. TruassB, Framed Structures, Koofs, 
Dams, Chimneys, and Masonry Btructuraa. 
llmo, cloth, profusely tUuatrated, net, va.n 
PULfllFBlR, Vf. H. Notes fox « Hlstorr «* Lead. 

tvo, eloth, dlt top M.M 

FDTaOH, A. Gas mmA C*al-dast Fi>l>«. A Crit- 
ical KeTlow of the Various Appliances Pat- 
ented In Germany for this Purpose since ISIG. 
With dlMff»ms and Osrures. "franslated from 
the German by Charles Elaltar. 8to, cloth. Il- 
lustrated net, fS.M 

PTHOHON. T. H., Prot. IntrodBctlaa to tjheml- 
oal Physloa. designed, for tho use of Acade- 
mies, CoUecea and High Schools, ITlustrated 
with numerous enKravincs, and containing 
copious experiments, with directions for pre- 

tvlna them. New Bdltlon, revised and en- 
irced, and illustrated by !(• wood en^iv- 
■ tag*. «vo, oloth fl.t» 
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RADFORD, C. S.. Ucot. Handbook OM NanI 
Gunnenr. Prepared by Autborlty of tha NaTT 
Departinent. For tha uae of TJ. a Navy, U. S. 



Murine Corps, and V. 8. Ifaval Reaervea. 
Ylaed and enlarged, with the asalatanei, ^. 
Stokely Uorsan. Ueut. V. B. N. Third SdlUoii, 



.-d and eofarced. 12mo, 'sexlbla laathar. 

net, V2.M 

RAFnL'BH, G. 'W. TceatBiest ot Scvtie Sewas* 

(Van NoBtrand'a Science Seriea. No. 118). ISmo, 

cloth fO-BO 

— — Md BAKER, H. K. Sewase Diioowl >n tkc 

United Statea. Illuatratlona and foldlns plataa. 
New Revlaed and Sinlarsed Bdltlon. <to. 
cloth M-OO 

BAIKES, H, P. The DealsB, ComatmetlOB aad 

Maintenance qf Sewage Dlapoaal Worka. Se- 
InK a Practical Guide to Modern Method! of 
Sewaee Purlflcatlon, 414 pp., 8vo, clotb. 

net, $4M» 

Railway Shop Cp-1»-Date. A lefcreace tMNik 
of up-to-date American railway ah op practice. 
Comciled^ '"'„*^S ?.^"S''?i,?'',__'''_'^J.'^"" 



way Maater Mechanic." With innumaratila flg;- 
urea. dlagrama ." " "'" — "~ 

cloth, Illuatrated. 



diagram ■ and drawlnga. S4S pp., ttc 



Manutftcture. Svo, cloth not. 91. M 

BAXF, H. H. FovadiT Piaetlee In Frcaa. 

BAHDAliL, P. M. awuta Opentoi'a HMl«>»»ki 

New Edition, reviaed and enlarEad, fully 11- 
luatratad. i2mo, cloth ts.s* 

RAHDAIT, P. BBamela and BBamcIIlBar. A> M- 
tEOductlon to the preparattoo and application 
of all klnda of enamela for technical and artlB' 
tlo purpoaaa. For enamel-maken, workera In 
(Old and allTer, and manulacturera of objacta 
Of art. Tbird German Odltton. Tranaiatod 
by Cbarlea Salter. With flgurea. diacrama and 
tablea. Ito, clotb, Illuatrated net. M.M ' 

■UNKIHZ!, vr. J. M. Applied Heekaalcb Cam- 
prlBlnff the Prlnolplaa of Btatica and Cine* 
matloa, and Theory of Structuraa, Uachaniam, 
and Hacblnea. With numeroua dlasrama. SaT- 
enteanth Edition, thoroughly rarlaad by W. J. 
Ulllar. Svo, cloth *■•«> 



— Cini BuiaecTlBjr. OoaprialnB BI>«l««a(laa 

Surreys, Sarttawork, Foundatlona, llsaonry, 
Caipcntry, Hatal-worli, Roada, l^L^^urp, 



D. «AIT HOSTRAHO COXPAHT's 



CanalH. Hlvers, Water- works, HarbOTa, 
"""- ■-'" and ' — " 



With numerous tables and 11 lustra 

Twentr-llrst Edition. thoToushly revised by 

W. J. Millar. Svo, cloth W.BO 

HaehlBMT amd Mlllwark, ComprUlnv tke 

Geomatry, Motions, 'Work, atrongth, Construc- 
tion, and Objects of Machines, etc. With near- 
Ir 300 woodcuts. Seventh Edition. thorouKhly 
rerlfsd by W. J. Millar. Svo, cloth ..W.OO 

The Bt«Bm-eDKi>e SBd Otber Prime Hi>Tcrs. 

With diagram or tha Mechanical Properties oC 
Steam. Foldlns plates, numerous tables and 
lllustratlona. Fifteenth Edition, thoroughly 
revised by W. J. Miliar. Svo, cloth ....is.M 

^^Csctiil Rales and Table* (or Bnslaeera and 

Others. With Appendix, Tables, Tests and 
Formulae for the use of ElectElcal Bngineers. 
Comprlslns Submarine Blectrldal Bngrlnearlng. 
Electric LlshtlnK and Transmission of Power. 
By Andrew Jamleson, C.B., F.R.S.K. Seventh 
Edition, thoroughly revised by W. J. Millar. 

Svo, cloth «4. M 

■n« BAMBBR, B. P„ C.H. A Meehaaleal 



RAPKABI., F. C. IiHtalluitloH ot Paolta la B3ce- 
trie Iilsht and Power Mains, with ohaptara on 
Insulation Testlne. With flffures and dta- 

Srams. Second Edition, revised. Svo, cloth, 
luatrated net, |S.M 

RAWIAU, A. Etxperlmeatal Researekea oa the 
Flow ot steam through Nozzles and OrlSces, 
to which Is added a note on the Flow of Hot 
Water. (Sztralt des Annales des Ulnes, Janu- 
ary, 1903.) Authorized translation by H. Boyd 
Brydon. With llgures, tables, and folding 
plates. Svo, cloth, lUus. net, fl.BO 

RAHSKNBKROKR. r. The Theory ot the ReMill 

or Ouns with Recoil Cyllnaors. Translated by 
Alfred Slater. 124 pp. S folding plates. Svo. 
cloth. Illustrated net, 9*Jm 

BAUTXINSTBAOCB, W., Prot. flyllabas ot Leo- 
tnres and Notes on tee Elements of Machine 
~ With blank pages tor note-taking. 
'ds. Illustrated net. flJW 
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Machine DeBlgn. Part I, Machine Draftlnc. 

niuntratad, TO pp., 8vo. clotli net, tlA 

Complete lo Two Part*. Part II In vrepanttoB. 

RAYMOND, 



Ing: Practically Treated. With : 
uiiLKrams and flg'UTes. Second Bdltlou. j.£uiu, 
cloth net, ta.SO 

BATNBR, H. SUk' ThrowlBK mad 'Waste Silk 

Spinning, With numeroua aiagrama and flg- 
urea. sVo. cloth, lUua net, fZ.So 

RBCIPBS tor the Color, Paint, TaTnlali, Otl. Soap 
and Drysaltery Trades, Compiled by an Ana- 
lytical Chemist. 8vo, cloth 13. » 

RKCIFBS FOB FLINT GLASS MAKING. BelnS 
Leaves from the mlxlng-booh of several ex- 
perts In the Flint Qlasa Trade. Containing up- 
to-date, recipes and valuable Information as 
to Crystal, Demi -crystal, and Colored Glass In 
Its many varieties. It contains the recipes tor 
cheap metal suited to pressInK, blowing. ^"- 



British n 



1 as the most costly Crystal and Rubv. 
I maJiufacturera have kept up the Qual- 
ity of this glass from the arrival ot the Vene- 
tians to Hungry Hill, Stourbridge, up to the 
present time. The book also contains remarks 
as to the result of the metal as It left the pots 
bV the respective metal mixers, taken from 
their own memoranda upon the originals. 
Compiled by a British Glass Master and Mixer. 
12mo, cloth net. M.SO 

RBED'S ENGINEERS' HANDBOOK to the Local 

Marina Board Examinations for Certificates 

r.r (>.-". net ency as First and Second Class En- 

By W. H. TJiorn. With the 



to the Elementary Questions. 

358 diagrams and 37 large plates. Seventeenth 

Edition; revised and enlarged. 8vo, cloth, 9S.O0 

K-T to th# Serenteeatb Edlllao at Reed'a 

Engineers' Handbook to the Board of Trade 
Examination tor First and Second Class En- 
gineers, and containing the workings of all 
the uueatlons given In tTie examination papers^ 
By W. H. Thorn. 8vo, cloth fS.OO 



■TTHtml Bints to Sea-Kotns BnclaeeH, am 

ow to Repair and Avoid "Breakdowns; alsi 
jnendices containing Boiler Biploslona, Uae 
■■ " — Qulae, etc. With 12 dlagrama and I 
Third Edition, revised and enlarged. 



Iltttes. Third Jamtion, reviaoa ana oniaj-«Bu- 
imo. cloUi ,.,,..»i.l» 



58 D. VAN irosnuuni comfaky's 

•^^BlatlHc BollMB. A Treatlae na tke OaBsaa 

and Prevention of thslr Priming, with Bo- 
marks on ttielr Oeneral Manaerament. IZmo. 
cloth. Illustrated •3.00 

RBINHARDT, C. 'W. LrtteriBS f or Dnttamem, 
Englneera, and Students. A Practical Syetem 
of rree-hand Lettering for Working Draw- 
IngH. Revlaed and enlarged edition, twenty- 
ninth Thousand. Oblong boards V1.00 

i ■ T he TecliBic •! Meokanlcol DcmninK. A 
Practical guide to neat, correct and legible 
drawing, containing many 11 lust rat Ions, dia- 
grams and full-page plates. 4to. clotb. lllus. 
•i.oa 

REISBR, b: Hardenlns and TcmpciinK ol Steel, 

In Theory and PraetTce, Translated from the 
German of the third and enlarcred edition, by 
Arthur Morris and Herbert Robson. 8vo, 
cloth, 120 pages Kt.BO 

— 1«. PnUta la the HansfaiMnn) ■( Woolea 

Goods and their Prevention. Translated from 
the second German edition, by Arthur MArrls 
and Herbert Robson. Svo, cloth, Illustrated. 

net, 93JM 

ealcDiatlou with 
— .. en Fabrics. Trans- 
lated from the German by Chaa. Salter. Rvo, 
cloth. Illustrated net, «B.OO 

RENWICK, W^. G. Marble and Harble IVorUns. 

A handbook tor architects, aculptors, marble 
quarry owners and workers and all engaged 
In building and decorative Industries. 260 pp. 
T2 Illustrations. 13 colored plates. Svo, cloth. 

net, (5.00 

RICB, J. H., and JOHNSON, Vf. W, On a New 
Method of Obtaining the Differential oi Func- 
tions, with especial reference to the Newton- 
Ian conception of Rates or Velocities. 12mo, 
paper (a, SO 
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RICHARDSON, J. A Practical TreatlH on tl. 

Theory Design, Conatructlon and Use o'' 
The Modern Steam Kngine. 3S0 pp. 2BR 

Illustrations. Svo, cloth net, fUt 

^— S. S. MarKBCtlam and EncctrleltT aad tta 
Principles of Electrical Ueasurement. 114 U- 
lustratlona. eOi pp> llmo, elotb....nat. W«» 



SOEMTIFIC FUBLICATIOKS. 

!., D.ac, GliK ■■« Glae T« 

and tables. 8vo, cloth, 

n«t, f4.M 

- 1 Ita- 

.. 1 Schools and SLa- 

„ ... _ _.. With 62 plates and numer- 
ous eiplanatory enKravlnKS- Folio, cloth, 
net, •«J» 

ROBERTS, J., Jr. LBbormtorr Work )■ EilectTl> 

cal GnKlneerluc, (Prelloitnary Qrade.) A aerlaa 
of Laboratory Experiments for First and Sec- 
ond Year Students of Electrical BnKlneerlcs. 
With Figures, Diagram a and TabTea. Svo, 
cloth, illustrated net, V2,M 

ROBHRTSON, L. B. TVBter-tnbe BoUcn, Baaed 
on a short course of Lectures dsIlTerbd at Uni- 
versity CollBK^, Ijondon. With upward et 
170 Illustrations and dtasrams. Svo, cloth. Il- 
lustrated V&M 

ROBINSOH, J.B. Arekftcctuml CoBWoaltlm. Aa 
attempt to order and phroae Ideas which blth- 

. erto had been only felt by the Instinctlva 
taste of deslKnera. Svo, cloth, itZ pp., ITI Il- 
lustrations net, VIA* 

— S. W. Fractlol TnatlBB mi the TaMh of 

Wheels, with the theory and the uae of Rob- 
inson's OdontOEraph. Third Edition, revised, 
with additions, lima, cloth, Illustrated. (Van 

Nastrand'a Sclsnce Series.) fO.M 

BOBBLING, J. A. LeBC and Short flpu BaU- 
way BrldKos. Illustrated with laree copper- 
plate enrravlnss of plana and views. Imper- 
ial folio, cloth taUM 

ROOE1R8, ALLSST. A LaboratorT OiOde at IB- 

duatrlal Chemistry. Illustrated. 170 pp. Svo, 
cloth net, *1JM 

end AUBElRTt A. B. ladaatrtal ChsialatlT- 

Written by a staff of eminent specialists. 

ROLLINS, W. Notes ea X-Usht. With 1 



paire plates. Svo, cloth, lUustrated, net, t^Mt 
X. The FatterB-nakers* Aaslataat. 

: Lathe Work. Branch Work, Core 
eep Work and Practical Qear Con- 
the Freparatlon and Use of ToolSi 



Work, Sweep Work and Practical Qear Con- 
structions, the Freparatloa and Use of Tools, 
tOKBther with a large collection of uaatul and 
.valuahle Tables. Hlntb Edition. With 3B0 
engrravlngs. tvo, cloth S>.W 
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Ker to BnslBeB bxI Baslne-nuBlBK. A 

Practical Treatise upon the ManttEement ol 
Steam-enslnea and Boilers for the use o( those 
who desire to pass an exaialnatlon to take. 
chargre of an engine or boiler. With numerous 
UluatratloiiB, anS Instructions upon Engineers' 



Adjustments and other Valuable Information 
necessary for Engineers and Firemen. 12mo. 
cloth. IlluB S2.M 

— T. K. The Preehnw HctaU. CoByrtalas 
gold, silver, and -platinum. 46 Illustrations. 
Sto, cloth, SlI pp. <Van Noatrand's Westmln- 
■ter Series.) net, «9.00 

ROSEINHAIN, V/. Glau MsoafBetiirr. IlliutTat- 
ed. 8vo, cloth, 176 pp. (Van Nostrand's West- 
mlnBter' Series.) net, f&OO 

ROSSITHH, J. T. Jfeua,^';'^*'-, ^Oj olotb. 

^^Ponwa ud pBBuInc Ka^taerr. Sro, dotk. 

(Vao Nostrand's Westminster Series.) 

ROTH. PkTSlcal Chtimlutry Tn Press. 

ROmLLION, LOUia. cans. The DraKlUB af. 

Pamphlet to.as 

MsaiiBl TnlBlnK- The BcsaomlcB of. A 

Study of the Cost of Equipping and Usintatn- 



(Van Nostrand's Westmlilster Series.) 



, Ing Band Work 1 



r Schools. Svo, cloth 92.00 

BOWAKT, IP. J, The Praetleal PhrBles o* the 

Modern Steam-boiler. 'With an Introduction 
]>y Prof, R. H. Thurston. With numerous 11- 
lustratfbns and diagrams, 8vo, cloth, Illus- 
trated iT.OO 

RTTHMKH, EL 'WlrelcBs TelephosT Im Theory asid 

Practice. Translated from the Oerman by 
James ariklno-ICiinwjr. With an An 
hy the Translator, and numerous figures and 
half-tonea. IIIustra,Ud. 224 pp., 8vo, clot' 

RUSSGLI., AI.SlXA?rDBR. The Theory of Blrc- 

trlc Cables and Networks. Tl Illustrations. 
270 pp. Svo, cloth net, f&M 

9ABIKR, R. HlBtorr and Progresa of the Rlcc- 

trle Telegraph. With descriptions of some o( 

' the apparatus. Second Edition, with additions. 

' ISmo, cloth VI. ZS 



sdsanaic pusucations. 



SALOMONS, sir D., H.A. Eleelrle-llKht loatalla- 

tions, A Practical Handbook. With numerouB 
lIlUBtratlons. Vol. I., The ManaKement ot Ac- 
cumulators. Ninth EJdltlon, revised and mostly 
rewritten. IZmo, cloth Sl.M 



Vol. III. Api 



Apnllcat 



Handbook, Ninth Edition, revleed' .^ 
tlon. mostly rewritten, ol Volume I of Blectrlc 
Light Inatallatlona and the Management ol 
Accumulators.) With flg'ures and plates, 
lamo, cloth. Illustrated net, fa. 50 

SATTFOBD, P. G. Nltro-cxploalvea. A PncUcal 

Treatise concerning ttio Froiiertlea. Uanufnn- 

ture and Analyala of Nltra-' --•- — 

r.liirllnar the ITiilmlnateB. i 



^^^.,.^^~^, ^. .~ I ot PTBftlcal Me- 
chanics for UBO In the Shop and Draughtlng- 
room; containing Tables, Rules and Formulae, 
and Solutions of Practical Problems by Simple 
and Quick Methods. ISmo, limp cloth. VI. 00 

SAUNNIGR, C. ^atchmakcP's Handbook. A 

Workshop Companion (or those r — " — •' '■■ 
--^mailing --' -"■-" ■..-.^. 

lendlx." 12ino, 
V8.W 

SCHBLLHN, H., Dr. MagBefo-electric and Dyna- 

mo-eleotrio Machinea: their Construction and 
Practical Application to Electric Lighting, and 
the Transmission ot Power. Translated from 
the third German edition by N. S, Keith and 
Percy Neymann, Ph.D. With very large ad- 
.ii.i,...g and notes relating to American Ma- 
1, by N. S. Keith; Vol. I, with 3BS IHus- 
Second Edition. 8vo, cloth, «a.oO 

SCHEIRBR, R. Caaelni tta Preiiantlan and 

Technical Utilization. Translated from the 
German by Chas. Salter, Svo, oloth. lilui- 
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SCHBfAIiL, C. N. rtnt Cootim I> A>alrtle »^ 

ometry. Plane and SqHiI, with Numerous Ex- 
am pies. ContalnlDK flB'ures and dlagTams. 
ISmo. half leather, niuBtrated net, H.nt 

■ »d 8HA0K, 8. H. bueBieBta »t Plaae Ge- 
ometry.' An Eleinentarir Treatlae. With many 
ezamplea and dIaKrairix. 12rno. half ls«ther. 
llluBtrated net, ai.W 
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ind Its Practical Appll- 

cloth, Illustrated In Presa. 



SCHUHANN, P. A MbiisbI of HeMfiiK ■nd Tes- 

tllallon In Its Practical Application, (or tlio 
uae of Snglneere and ArcIiltactB. Bmbraoing a 
' Serlea ot Tables and Formulae for Dlmenalons 
of HeatlQS, Flow and Return Pipes for Bteam 
and Hot-water Bollen, Flues, etc l!mo. Il- 
lustrated, full roan fl.SO 

SCH^f^IZER, V. DtstlUntlOB ot Hesins, Rcelii- 

ate Lakes and Pigments: Carbon PlEments and 
Pigments for Typewriting Machines, Uanlfold- 
ers, etc. A description of the proper method* 
ot dIstlllInK resIn-olls, the manufacture at 
!_.. — — 1_ ..1 — — '-'plgnienti ■-■ • 



"o-f'S 



f all kinds of 
car on piimeniBi ana primers' Ink, lltbo- 
sraphlc Inks and chalks, and also Inks for 
typewriters, manlfolders, and rubber stUDpa. 
With tables and 8S flKures and dlaEraros. 8yo. 
cloth, Illustrated net, fS.M 

BCIUBNBIR, J. H. GndnecTs* and Meehantca' 

Companion. ComprlslUK United States Welg-bta 
and Measures, Mensuration of Superflces and 
Solids, Tables of Squares and Cubes, Square 
and Cube Boots, CIrcumterenee and Areas oC 
Circles, the Mechanical 



Oravlty, Gravitation of Bodies, Pendulums, 
Specific Gravity ot Bodies, Strength, WelRht 
--- Crush. ot Materials, Water -wheels, Hydro- 
CB, Hydraulics, Statics, Centres of Per- 
on and Gyration, Frictton Heat, Tables 



of the Weight of Metals, Scantling < 

and ateam-englne. Twenty-flrst B<...,.-.., .«- 

vised. ICmo, lull motocco il.U 

flBATON, A. B. A Manual of HaMne BaslBeer- 

Ing. ComprlBlng' the Designing, Conatruotlon 
and Working of Marine Ma^Inery. With 



scttimne romaeAvtan. 

iTlBed throuKhont. with an addition*! «li« 
) W&ter-taba Botlera. tvo, olotli. .net, | 



Dasli 



Blfcner 



SBIDKLU A. (Bniean af CkemUtir. Waak, D. 

C). Bolubllltlea of Inorsanlc and Organic 
Substances, A handbook ot the moat reliable 

auantltatlve Solubility De term! nations. ISmo. 
otta, 3flT pp net, n.OO 

9EVBR, G. Fi ProC. EUeetrlc Bndaeertns EIz- 
perlmant* and Testa on Direct -current Ma- 
chinery. With alagrams and Qg-ures. Second 
edition, revised and enlarged. 8vo pamphlet. 
lUuatraled, 75 pp net, fl.M 

I. and TOlVirSBKD, F. Labonlarr and Fac 

tory Testa In Blectflcal Eng-lneerlnff. Second 

naitlon; revised and r '" — ""' "' 

luatrated. S69 pp. 



corrected. Svo, cloth, i: 
~ — Lessons In TcleKTaph7. For nK as a Trzt- 

book In schools and colleg-es, or tor Individual 

students. Illustrated, ifmo, cloth il.OO 

SBWBIjL. T. Blements of Bleclrlcal Bnylncer- 

ing. A First Year's Course lor Students. Sec- 
ond Edition, revised, with additional chapters 
on Alternating-current Working and Appen- 
dix or Questions and Answers. With many 
diagrams, tables and examples. Svo, Cloth. Il- 
lustrated, 432 pages not, fS.DO 

— The Conetrnetlou of Dynamos (Alteraatlnc 

and Direct Current). A text-book for students, 
engineer-constructors. and electrlclana-ln- 
charge. Svo, cloth., lllus., 316 pp. ..net. tS.M 



tables, diagrams and llluatratlons, liraa, 
elMh, llIu«i&*Md ,.|S.W 
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■ ••• A m 0>tllne af tke Hetann-cr d( Ir«B ami 

SteeL Illustrated. t3D pp. Svo, doth. 
not WJW 

SETHODR, A. Pnetlcal LltkosnpkT. IVIth 

flKurea and engravlng-H. 8vo, oloth, Illustrated. 
net, «2.B0 

SHAW. P. E. A Plrat-rear Canrw at Practical 

Uasnetlsm and Eleetriolty. apeolally adapted 
to Iho wants of Technical Students. Inter- 
leaved for note-taking:. Svo, cloth, Illustrated. 
net, Jl.OO 

9. ThF Htstorr of the Staffordahtre Patter- 

lea. and the Rise and ProBreaa of the Manu- 
facture of Pottery and Porcelain; with ref- 
^rnncHS to ffenulne ?peolmens, and notices of 

S otter 8. A re- 1 a sua of the original 
lahed In 1829. 8vo, cloth. Illustrated. 
net, «3.oa 

ChaBilatry of the Several TJatnral and Artl- 

flctal HeteroseneouB Compounds used In Man- 
uJacturlnB: Porcelain. Glasa and Pottery. Re- 
Issued In Its original form, published In IS3T. 
8vo, Oloth net, S6.90 

SHBLDON, 9., Ph.D.. aad MAflON. H., B.S. Dr- 

namo-electrlc Uachinery: Its Construction, De- 
sign and Operation. Direct -current Machines. 
Seventh Edition, revised. 8yo, cloth, illustraod, 
net. B2.S0 

SHKI^DON. S.. MASON. H.. Bad HAU9MANN. E. 

' Alternating-current Machines: being the sec- 
ond volume of the authors' "Dynamo-elec- 
tric Machinery: Its Construction, Deslfm and 
Operation." 'With manv dlaerHms ind flgure". 
tBInding uniform with volume I.) Seventh 
Rdltlon, completely rewritten. 8vo, cloth. Il- 
lustrated net. nSO 

SHIBLDS, J. B. Nfiteii on BBa:lBeerli>E Con- 
struction. Embracing Discuaaiona of the Prin- 
ciples involved, and Deaerlptions of the Ma- 
terial employed in Tunneling. Bridging. Canal 
and Road Building, etc. ISmo, cloth ...11.60 

SHOCK, vr. H. steam BoUersi their Design. 

Construction and Management. 4to, half mo- 

SRREITB, S. H. A Trratise on the Strength of 

Bridges Mid Roots. Comprising the determln' 
«tim Dt UmttiaM fomuaw fUr wtntnk U 
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irum nxea and moving loads, with prBCtlcal 

applications and examplsB. lor the use of 

"'-'—[itg and Engineers, ST wood-ut IlluaWa- 

Fourth Edition. 8vo, cloth *S.SO 

SHUMC, W. F. The Field BnclBeer. A Handr 
Book of practice In the Survey, Location and 
Track-work of Railroads, containing a larea 
collection of Rules and Tables, original and 
selected, applicable to both the Standard and 
Narrow Gauge, and prepared with special ref- 
erence to the wants of the younff engineer. 
Nineteenth Edition, revised and enlarxed. 
With addenda. IZmo, morocco, tucks ...fz.M 

SIMMS, F. W. A TnatlH on (ke Prioclplcs mad 
Practice of Iievellng. Showing Its application 
to purposes of Railway EnfflneerlDg, and tbe 
Construction of Roads, etc. Revised and cor- 
rected, with the addition of Mr. Laws' Fractl- 
oal Exam plea for settltig out Railway Curies. 

Illustrated. Bvo. cloth Kt.SO 

Tnnnclliu^ Fourth Eldltloi 

■ " " With addl 

.:)ractlce by _. 

n-iiiiieuir k.iBirii.. mm dj platCS and Otb^r 11- 
luBtratlOns. Imperial Svo, cloth fS.OO 

SIMPSON, G. The Naval CaBstractar. A Tade i 

Uecum of Ship Design, tor Students, Naval 
Architects. Ship Builders and Owners. Uarlne 
Superintendents, Engineers and Draughtsman. 
12nio, morocco, lllustratod. BOO pagras, net, K.00 
SINCLAIR, ANGUS,, Mem. Am. Soc. Meek. E:ng:>rB. 
Development of the Locomotive Engine. Be- 
ing a history of the growth of the locomotive 
from the moat elemental forms, with biograph- 
ical sketches of the eminent engineers and 



— .-. ■ HanDfafitDre of Paper. 

Illustrations. Svo, cloth, ZBB vp. (Van 

Nostrand's Westminster Series.) act, •a.OO 

SL.^TER, J. W. Sen-Bice TreBfment, Poriflcatloo 

and Utilization. A Practical Manual for tha 
Use of Corporations, Local Boards. Medfcal 
Offlcers of Health. Inspectors of Nuisances. 

"^ .-^ Manufacturers, Riparian Owners, 

s and Rate-payers. ISmo, cloth. •l.SS 

emeatary KIe«trleal Calm- 

if simpi* easlnaerlnc math. 

•mallei eowtas tA« whol* Arid •! dtK«M j^lSEr- 



rent aaloulatlona, the baala of alternating onr- 
r'ent natbematlca, net wofIeb and tTplcaioaaea 
of circuit B, with aspendfcM on Bceelal anb- 
Jects. Hi pp. ISmo, cloth, UlUBtratAd. 
n«t. 9**» 

BHITH. F, B. Handbook •( Oeaeral ImatraetlaB 
for Mecbanlea. Rules and formulas for prac- 
tical men. I2mo, cloth, IIIub., 3S4 pp., net. ll.EO 

——I. W.. C. B. The ThcoiT of Defleettana aad 
of Latltudea and Depart urea. With apeclal 
appllcatlonB to Curvilinear Burr ay a, (or AUkh- 
mentB of Railway Traoki. Illuatrated. llmo, 

morocco, tucfca ftOM 

J. C. Haanfactiirc of Paint. A Praetleal 
Handbook for Paint Uanufacturert, Merchanta 
and Painters. With 60 llluatrattoni and one 

larsa diagram. 8vo, cloth net, •S.OO 

• W. Ckcmlatrr of H>t MaBBfaetiirlnKt !«<:• 
tures delivered before the Hat Manufacturers' 
Abb Delation. Revised and edited by Albert 
Shonk. ISmo, cloth. Illustrated net, f8.(Kl 

BNHLL, A. T. Electric Motive Poweii Tke 
Transmiiilon and distribution of Slectrlc 
Power by Contlnuoua and Alternate Currenta. 
With a Section on the Applications at Blec' 
triclty to Mining Work. Second Edition. Svo. 
cloth, Illuatrated net, M^M 

SNOW, ^f. Q. Pocketboak «t Steam BeattBC aad 

Ventilation In PresB. 

■ and TTOI^TT, T. Tentnatlaa of BalldlMsa. 
Itmo. cloth (Tan Noatrand'a Science Serlea.) 
fOJW 

SODDV, F. RadleaetlvltTt Aa Blemeatary Trea. 

Use from the standpoint of the dlBlnteBratlon 
theory. With 40 flsures «nd diagrams. Svo. 
cloth. Illustrated net, SS-OO 

SOLOMON, M. Blcetrlc Laaipa. lU lIloatratlaBe. 

»TO, cloth, 139 pp. <Van Noatrand's Weatmln- 

Bter serlea.) net, «3.00 

SOTHBRIf , J. \F. Tke Harlae ateam Tarlilae. A 
practical deacrlptloa of the Parsona Uarlna 
Turbine aa now conatructed, flttedand run. In- 
tended for the use of students, marine enKl- 
neera, superintendent engineers, drausfattmen, 
worka manaKera, foremen, englneera and oth- 
-- 1 Sdlttor 



Third Sdltton. rewritten up to date and 
creaily enlarged. ISO illuatratfona kad told- 
ins plates, 811 ». tVD. oleth ...,.a^%,m*» 



SOXHUET, D. H. Art ot Drelu >■« tMlabw 

Marble, Artificial Stone. Bone, Horn, Ivory and 
Wood, and o( Imitating all bomb of Wood. A 
practical Handbook tor the uaa ol Jolnera. 
Turner*, Manufaeturare of Fancy OoodB, Stick 
and Umbrella UokerB. Comb UakeTB. etc 
Tranilated from the Oerman by Artbur Mor- 
ris Bjii) Herbert Bobson, B-Sc Svo, oloth. 170 
pa^ea net, fS.SO 

SPAHO, H. -W. A Praetleal TreBtlM •> Llsht. 

. nlng Protection. With flsures and dtasrama. 
12mo. cloth Vl.W 

SPBYKHS, C, I». Text-book of FliTiUeBl Okcm- 
Istry. 8vo, Cloth f2.2S 

STABL, A. Wq and VfOOOS, A. T. ElIeaueataiT 

Mechanism. A Text-book lor Students of He- 
ohsnlcal EnKlneerlns. Fifteenth Edition. ISmo. 
.cloth (3.M 

flTALBT, C Bad FIBRSON, G. S. The Scpante 

System of Sewarase: ita Theory and Conatruo- 
tlon. Third Edition, revised and enlarjrad. 
With chapter on So wage DIspoBal. With 
maps, plates and Illustrations. Svo, cloth, IS.M 
STAnDAGB, H. C. I^eatbenrnrken* BIuBali 
belnir a Compendium of Practical Recipes and 
WorklDK Formulae for Carrlera, Boct-ir-' 



Leather Dreseers. Blacking ffanufacturer*. 
"'"lers, FanoT Iieather Workers, and all per- 

engased In the manipulation of leather. 

cloth net fS.BO 



— SnllBK 'Waxes. W^afers, and Other Adke- 

sItcb. For the Household, OfDee, WoilEshop 

and Factory. Svo, cloth, 9B pages, net, 13.00 

.AKglrtlnaata of all Klada tor all Pnrvoaea. 

12mO, cloth, 2BT pp n.U 



STAKBBIB, J. H. Iraa wad BteaL Wltk t 

and SS figures and diagrams. 376 r>« 
trated. 12mo, cloth. (WeBtmlnster 



t, •a.oo 

aTBVBJta, H. p. Paper HIU f^hmlat. 9T Ulsui- 

tratlons. SS tables. SSB pp. Kmo, oloth. 

net, «UM 

STB'WART, A, Hodcn Potyphaae HaoWacrr. 

With diagrams and engravings. IZmo, cloth. 

Illustrated .....net, «3.00 

aTILEi, A. Tables tor Field Hnsliiecrs. De- 
alnieii for Use In the Field. Tables containing 
airth* Fnncttons of a One Degree Curre. from 
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whtcli a corraspondlns one can t)e found for 
any required Degree. Also, Tables ot Natura.1 
Sines and Tangents. ]2ino, cloth SLOO 

STIi:.LMAN, P. Stemo-cnvlne Indicator and the 
Improvea Manometer Steam and Vacuum 
OauKea; their Utllfty and Application. New 
Edition. lEmo, flexible cloth Vl.OO 

STODOLA, Dr. A. Steam Tnrblnen. With an 
appendix on Gap Turbluea. and the future of 
iieat EnKlnea. Authorlied translation by Dr. 
IL^Uls C Loewensteln (Lehigh University). 
With 241 cuts and 3 lithographed tables. Svo, 
cloth, lIluBtrated net, SO. 00 

STONEl, HHRBERT, F.L.S., P.ILC.I. The limbera 
Of Commerce and their ^Identification. ■With 
186 Photo -Micrograph a Svo. cloth fS.SO 

B., Genl. New Ronds and Road lAwa 

In the united States. 200 pages, with num- 
erous illuBtratlonB. IZmo. cloth tl.OO 

SCDBOROUOH, J. J^ mad JAMBS, T. C. Practi- 
cal Organic Chemistry. S2 llluatratlonB. 194 
pp., limo, cloth net, 92.00 

SITFFLINO, B.'R. TreatLM on the Art ot Glaiu 
'Painting. Prefaced with a Review of Ancient 
Glass. With engravings and colored plates. 
Svo, cloth net. «3.B0 

SWAN, K. The l.aw and OoKamcrelnl Haace af 
Patents, Designs and Trade Marks. *oa pp., 
Svo, cloth. (Van Nostrand'a Westminster Se- 
ries.) net, faoo 

SWBBT, a. H. Special Revort on Coal, Showing 
Its Distribution, Cla.salflcatlon, and Costs de-. 
live red over DifTerent Routes to Various 
Points In the State of New York and the 
Principal Cities -on the Atlantic Coast. With 
maps. Svo. cloth fa. 00 

SWOOPB. C, 'W, Pmetlcal Lcssonn In Electric- 
ity: Prfnclples. Experiments, and. ArlthmeUcal 
Problems. An Elementary Teit-book. With 
numerous tables, formulae, and two large In- 
struction plates. Svo, cloth, Illustrated. 
Tenth Edition, revised net, fa.00 

TAIU^BR. I- Praetleal Trentiae on the Bleach. 
ing of Linen and Cotton Yarn and Fabrics. 
With tables and diagrams. Translated from 
the French by John Qeddes Mcintosh. Svo, 
cloth, lllustraied net, OS. 00 

TBMPLETON, W. The Practical Hcckaole'a 
W^kahop Companion. Comprialng a. (reat 



variety ol the moat useful rules and formulae 
In Mechanical Science, with numerous tables 
■ of practical data and calculated results (aclll- 
tatlne mechanical operations. Revised and 
enlarged by W. S. Hutton. 12mo, morocco. 

fz.oo 

TE:RRY, H. L. India Rubber Bud !*■ Munfac- 

ture. With chapters on Qutta-Fereha and Ba- 
lata. With flgiireB. Illustrated. ZS4 pp., Sto. 
cloth net, «i.oo 

THOH, C, and JOTTEIS, -W. H. TeleKkapble Con- 
nections: embracing Recent Methods In Quad- 
ruples Teleeraphy. 20 full-page plates, some 
colored. OElong, Svo, cloth fl.SO 

■THOMAS, C W. Paver-maken' Handbook. A 

Practical Treatise. Illustrated In Press. 

THOMPSON, A. B. Oil Fields of Riuiila and the 

" ~ ■ ■ Industry. A Practical 



Handbook on the Bxpl oration. Exploitation, 
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Metallurgy, ArohaeoloKy. ttie Fine Arts, etc., 
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vUed and corrected. 12nio, cloth ts.BO 

TPBATHEnt AND TTKATHBR IKaTRIIHElNTS. 
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the United States Military Academy, West 
Point, N. T. 12mo, cloth »1.T6 

—Field Portlflcatioiifl. The meuenla of PleM 
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